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113 910 275 03 002 WEI In91m 754 
” Any of che: {allowing Miſes T; rablaer lying 
obſcurely.and indigeſtod:by: me! ſoveial Years, 
at length, -namely.,, 4bme .1 678. having ſome 
vacant-time, (amongſt other — took thoſe 
Papers into... my.:confkdetation., and perfeted 
fo of them as were incomplete ; adding to that Store other 
of ' the like nature : After which,/toriminicating:the ſame 
wy Sar perſcne Machcrnaticalty” "affeted., and, \ Ore, patticu- 
larly with this (laudable and uſeful) Part thereof, namely, D [- 
ALTING: I-was often-times impuortilndi-o)thake the Cade Pub- 
bckis the which Þwas the more inclinableits; forthart not much 
of this'Yariety hath-been hitherto Publiſhediinche Engliſh Tongue. 
Bur finding the Overtures of ſuch who. deal inthe-Publiſhing of 
Books; to be in rio meaſure ſufficient, eicher:to ſatishe me for the 
pains 1 had then mu cherein, much Jels ro bring ic forth-in-irs due 
Luſtre ; I (at len aged) ) adventured to make an Eflay towards the 

by 


Publiſhing thereot by way'of :Sibſcripten;, ' bur _— that not to 
anſwermy expeRation neither (thewe having beca late fo ma- 
ny, abuſes put upon! Perſons, willing to promote ingenious /under- 
takings) I tully;refolved to lex it. lie dogmant;-as (chemore-part of) 
Noe. done rh eral years before, : But atlengrh, (partly by Sub- 
ſcriptions , and a particular Encourager) i it is arrived to this perfe- 
&69n;;5..and an.;Exrradtof the Particulats;hercin contained , you 
Qhall-nd ichrnediatly alrer rhigiPreface.!'r! mY 12lun 
-And;: now: Pive:'me- leave' to prevent: the nr erage, fame 
already) os torake off the aſperſion of x Pligiary;zo 
acquaint thee ftqm whence all. char. is' herein corirained had. its | 
aſhe- 1; Thetefore. -- 140 of ei 2935hriT 
[1234 The, Introduthion, ad the Fighrhrſt 'Chapter's of the firſt Ta 
Hate ;oas chings common , 'bbur ; neceſſary. for all Tyv's ro: be a6 
quainted with ) I paſs over , only take notice , that the Second, 


How, and "a EPH thereof; dupry concerns the laying han, 
12607 10 H1 finding 


TO THE READER. 


finding the Poles and Centers , and meaſuring the Sides and Angles of 
Spherical Triangles upon a Projettion ; I know not where you will 
find any thing thereof , except in my Geometrical Og , the 
which Precepts there delivered I have here (andin a brief manner 
roo) applied tro Dialing. : 

2. For the remaining part of the firſt TraQtare, the Examples 
are all (or moſt of them) the ſame asare Mr. Wells in his Sciogra- 
phia , which I made choice of (indeed) ro eaſe my ſelf of Calcu- 
lation ; My intent (at firſt) being to have done the Work of the 
Firſt Traftate by Projetion only ,” and not by Caiowlantn : Bur Mir. 
Welk his Book being our of Print , and nor likely to þeYeſtogidj I 
inſerted his Cacnlatory way, allo ; and the rather , rhar the Ft 
PraRitioner may diſcover what Harmony there is berw&n S 
= Projeftion, and 'Trigommetrical Cakalation, and the realon thereof 
alſo. 

3+ The Second Tractate was, partly a Tranſlation . out of 
Magnon , by Mr. Themis Gibſon: And the Thizd is partly Mi, Se 
nel Foiter's. 

4. As for the Fourth Tratate ; it is an enlargement of the 
Appendix to Stirrup's Dialary, written by me above 25 years ſince, 
and yet, in it, you will fiad ſeveral things, which, I am ſure, a> 
other Book will afford you. o 2448 

5. The Fifth Tradtare is of the ſame kind with the Fourth, 
an teacherh how ro perform the ſame things by a different Ar- 
tifice. 

6. The Sixth conſiſterh of Tablss ſubſervienc ro the inſcription 
of Furniture into Sun-diats,  fome fewy whereof were only rranſcri- 
bed (though much enlarged, and otherwiſe diſpoſed) our of Kirs 
kerus ; bur the moſt of them , were (xo my great -pains) Calcula- 
ted de novo, and the Deſcription, Conftruftion and Hſes of themrall, 
wholly by me added. : 96251 
' 7. The Seventh TraQtare came to nvy hands in a Latine Mi 
nuſcript of Mr. Samuel Foſters, written with: his own hand #1 abted 
1640. and was delivered ro me (when the other TraQtaces were 
almoſt Printed) by a real honourer of the deceaſed Author ; and 
my very worthy Friend Jobn'T'wi/den. M4. D. (. L. [R595 

8. The Eighth TraQate is no other then the Meridians of a 
Globe ſer to any Latitude and difference of Longitude, and Meri- 


dians or Hour-lines drawn on the Concave Supetficies of the 


ſame. 
9. The Ninth TraQtate is wholly Mr. Sawel Foſters, and ſome 

part thereof was Printed by me in his .Miſcellanies, Anno 1 65 9. 
10. The 


OE] 
' TOC RAE READER. 

10. The Tenth Trade alſo, is wholly his , and was rope: 
ther with ſome part of. the Ninth, _ 1}? Mani 
of his, which he (for the excellency of many things contained 
therein) Entituled G 0 LD. iAnd for thoſe Pieces which follow 
(as Supplement ro) this Tenth Traftare, I need not declare, their 
relpettive Titles ll here five mE that Pajthr, CY 7.0 

11. The ElfYeath TraQtate of Refra Dialing, « Fi Folht 
alſo, and was formerly Printed in his forementioned Miſcellanies. 

Laſtly , What is ſaid corcetning*th& Dial ſer up in the King's 
Majeſtie's. Privy Garden ac Wihwterball, 669,4Duten Extract 
of what the Maker therebt Gr Jo ingthe Hiplication 
and Uſe of the ſaid Body of Dials : T did here (together with the 
Figure thereof) inſert this AbſtraR for the benefit of Students in 
this Gnomonical Sgexce ; thereby.co whez, their invenrions , fo as to 
put in practice what is taught in theſe 'Tradtares , and from this 
Prefadent to invent ochers ” . their! own ;: which hovw _—— 
the" 'enſging Precepts wilt "not be-found deficiency 4 they Be 
deemed Redundant they will be fourid fo'to'calkers'orty , and 
doers of Nothing, and to ſuch I ſay as much, 


Having given you this genetal account vf the ſeveral Tractates; 


and from whence they have b&endeduttdi, 1; now refer you for 
farther ſatisfaCtion , to.the following (ontents ; bur principally to 
the Book it (elf; in which, Hope, che Ihbtrivits Phatbaer WAL 
find variety of Macrer, both Prathicel and Delihful 3 Ad for as 
much , as the ſeveral Matbemdicul Treatiſes which I\bave-already 
Publiſhed, have found {d good keveprance m the World; I doubr 
not bur This will receive the Nike entertShurmient, and. as kindly 
received as his Fellows : and upon that account I commend it ro 
thee ; Wiſhing:thee both Delght.in the Reading , and:Profit in the 
| Praftiſmg of what is herein contained : And ſo, for this time, I 


4 . 


bid thee Farewel; Reſting, © tl! 
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_ TRACTATES., 


A Neceſtary [xrsopucrION; F 
Col earn Definitions ah, Problems, ft 


Goin rata, of the: ſeverat Pr 
| pope anyone? ly requifutes in the following TFA 


Pag: 1;to Pag- 42 
FECT Ts WW 7a 
Plain Dialing Demonſtrated. ont og 


Shewing, How (by Proje&ing of the Sphere »the Pliin of the Horizon u{4- 

ppg Latitude) to ngef the Hankos; Stile «»4 Subſtile proper Lo 

| Plain, in their true Places and Poſitions. LE hed likewiſe (#po0n the Projetn- 

's | 0n) #0 expreſs the ſeveral Spherical Triangles, from whith at all the Requiſites 
belonging to any Dial are to be Calculated , by Trigonometrical Calculation, 

and how to Calculate the ſqme. —— Alſo, how to meaſure the Sides and Angles 
of all ſuch Triangles wpon the Projection # faf, - from p.1 3, ro Þ-76 


Tn this Trattate are more particular contained ; 


TIQ\T 
1. The nature and making of ſuch Circular Lizes or Scales, as are of fa uſe 
throughout the whole Book, —_— $54 4. 
2. How to Project the Sphere, | 
3. Of the. Denominations andSituations of all ſorts of Plains, and bow to ne IBes 
Plain upon the Projettion ; and alſo, to find the Centre and Pole thereof , Gaz 4. 4+ 


.18& 20 

6 Fw the Sides and Angles of Spherical Triangles are to bemeaſured upon hep Project. 
$ How to find the Sun's Azimuth both Geomerrically, Inſtrumentally, and by | ch 
trical Calculation, Chap.6.pag.23 
6. How to find the try 1 of any Plain upon which a Dial is to be made, whether it be 


| Jolie Ne or both, Chop.7.p4g.26 
Examples of wy rts of Plains, and how to draw Dials upon them, both by Proje- 

"od and by Trigonometrical Calculation, from Chap. g.pag-3 1, tO Chap.19.peg.72 
8. A Synopſis or Abſtradl of the whole Art of Dialing, Chap.20.Pag.74 


Traftate II. 


_—_ 0 EPY " __ X : 
— * Hos Xt _—_— hs OT, Ag. _ IE ES. 9m. 44h. : 
G | SY ' w” P OST. '£ 
C = 
* 
T » * # 'Y - , 
> Ws od 
6 ® 2 £ $ 
* 3 £ 


TRACT ATE IL... 
Geometrical Dialing Demonſtrated. 


Shewing, two ſeveral ways, how to find the true place of the Stile , Subſtile int 
Meridian ; And alſo how to 47 aw the Hour-lines apor aff plain Superficies iis 
their due Pl lates "_ Poſitions, from Pag:89 t0 Be2e 


TRACTATE. ELt own ves | 
Inſtrumental and Arithmexical Dialing +/ , , 


Shewing, Firſt, How (by an eafie Ariifice, and. the Scales junta and 
Tangents, i» any Zatitude) Hour-lines maybe Zefe cribed xpts all | forts of plein 
in." 66 by referring all Declining',”Reclining-P ro:New Latitudles, 

axd New Declinations , where = oy z Upright Devliners- —-i\.. 
And Secondly , How the ſame Artafics erformed by Trigc ical 
Calculation, by the bs of As cn Tangent 3,{Þ&r, f 
Canons, Analogies or Proporniags TT, ereby t0-perta 


TRACTATE 1V.2V. ed vt. oil 
Of the Furniture of: Sub-Dials,..., 2 ty * \ © 


The Farnitare with which Sun-Dials way be. beautified are t _ Yor wh 
Circles of the Sphere upon them, as have relation to the a, on of ac 
 Meridians of the Sphere ( which are the Har tines pon 


deſcribed orts of Plains, [a Cirelesg 
| on Gr MN ') be Bed, alſo; and bs ; Cale being rs 

many # tal and neceſſary Aftronomicul Concluſion! fe, Yor ard ; 

inſpection only: And the Principal , avwd-m ales of. Tl. 

deferibed up on Dial-platns, are — (1). A agg 

nnd ab are either the Parallels of the . _ the Zodiac, or of the _ x 
'  Declination, -— (2) Such & ſpew'the: — es the 

—_— of the Plice - ( Fa = Hbndath ofrhe Fe crea n 

the Mariner's Compals «por which the Sun at any time wy repreſe 

Vets Circles —« « (4.) 7he Syn's. Alticad&, wftr _ werſbe = 

pright Bodies bear to the length of their mg ws pr 


* en Orcks 
Eros 
r*, Jewilt of” = 
them DOT ws 


nr wg 
of Poſition or diſcovering in hich bo of hy ra Armor 
Aur oagroebrng: 6p nies ey 1 air ek 5 (8) The 
Horizons of Forreign Ron the , ſhewing at what time the 


Saw 5 is ther 
- of Setting, 6&6 nd the menuer bow! eleir les are tv be de{exphed.apon =y 
Plains, is the Wotk of theſe row pfiKony vb W LOR) |S) mA 


to inſert them into 


Fifth 
all forts of Plains 


Inſtrumentally > from Pag.11o to pag.145 
CHixth ) 


Ea Sad 
b And 


| Vs Traltate ſbeweth how nk 34. wm ik 
The 
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THE CONTENTS. 


And the Tables for that Purpoſe m the Sixth Traftate , are, 


t 1. ATable ſhewing what Declination the Sun ſhall have , he being in any degree of the F- 
J cltick, » and its Conſt ruttion and Uſe, ; ; Pag. 146,14 7,148 
2. A Table ſhewing the lengrh of the Artificial Day Or Night, the Sun being inany Ks ay 

of the Echprick,, in any degree of Latitude between 43 and 58 deg. with its "Y 


dionand Uſe - Pag-159,160,161,162 
3. A Table hewing what Amplitude the Sun ſhall have at his Reſing or Serting from the true 
Eaft or Weſt Points of the Horizon, towardseither the North or Sowh, at every whole 
degree of Declination, and for all Elevations of the Pole, from the Equinottialto 60 deg. 
of Latitude, North or South, with its Conftyaitienand Uſe, Paga 63,1641 65,166 
4. ATable ſnewing what Declination the Sun ſhall have, when the Sun Riſes or Sers upou 
_ anyeven Point or Half Point of the Compaſs , in any Latirade from the Equinottial'to 
60 deg. with irs Deſcription, ConſtruCtion and Uſe,  #4g-1674168 
yg. A Tabl; ſhewing what Declination the Sun ſhall have when the 1s any Nawber of 
Whole hours leng in all Latitudes;, with its Deſcription, Conſtruction and Vſe, Pay, 169, 
«4 I JOzI7I 
6. A Table of Horizontal Spaces,ſhewing the diſtances of each Hour-line from the Me- 
: ridian, uponall Horizontal, DireCtt Northor South Upright, Reclining or Inclining Plains, 
for all degrees of Latirad: from the Equinettialto the Pole, with its Deſcription , Con» 
| ftrattien and Uſe, | Pag.172,173,174 
7. A Table ſhewing what Altitude the Sun ſhall bave at every Hour, Half and Quarter of 
the Day, at his efrrance into Ron iP X11 Sight, Selenlagud foe the Laticude of 
London, its ruttion, Deſcription and V/e, 1175,176,1 
| 8. A Table he A Aifem the Sowrb, the Sun ſhall have, at —__ La Half 
_ and Quarter of the Day, at his entrance of every of the X11 Signs, for the Latitude of 
London ;, its Deſcription, Conſtrution and Uſe, Pag.198, 14 
9. Tables of the Sur's Altitude and Azimath at all hours, at the Sun's entrance into, au 
at his being inthe 10th and 20th deg, of each Sygy , a or everal Latitudes, 
PR ; rom Pag.t79 to pee.is 
10 A Table ſhewing what Altiexde the $un ſhall have at all bowrs, he belng inthe ropi & 
Em the Equinottial and Trepick, of Cepricorn, Calculated from 36 to 66 : de of 
| , | Pas.1 ;18 
11. A Table ſhewing what Azmath the Sun (hall have at all hours, he being in the to 
of Cancer , 'Capricorn , and the Eqainethial, in all Latitudes between 35 and 17 eg 
. "Vos 4 Pas. I 
12. A Table of Natural Sines, Taugonts and Secants tO a Radiru of 1. 00000, g., 7 
ry 12ch minute, or 10h part of a degree gf the Quadrarr, from Pag.188 to pag.200 


— TRACTATE VIL 


A Suctint? and Demonſtrable way of ieſeribing Hour-lines upon all forts Plats . 
* And alſo for the. Eforiptios © = br Sehehevical Aarfeces Fat ror Kc. 

—_— 2... fromPag 18g topag.s of [b] 
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W- Cimceve and Chex," Spherizil and Cylindrical Dialing + Shewing , bow Hour- 
1 Lines may be deſcribed upon any ſuch Regular Solids , whether. Comreve or -Con- 


| 4 > & \ oy TA | . . | . | | l | ' a ' | 7 # : : "ou 
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, Traftate 1X; 


THE CONTENTS. 
TRICTATE IL 
Proje&tive Dialing. 


Shewi ener al and eafie ways to ProjeQt Hour-lines all kinds gr 
ks Plain x4 Curved; One or many Gigs "n d 
rhat without any regard had to their Situation, in 
Reclination or Inclination And alſo, How (by rg of 4 te and 
Semicircle ) to inſert all uf val Furniture i#to ſ*ch Projefted hf Pipers 
Pag. 181 fo 4 42 26 


TRACTATE X 
RefleRtive Dialing, 


re cd a1 (hy Pin ;-) hw rorefleft the bei 
cnn 4 6h EY «pas {och 


| Js made, i. ©. whether it be Plaiti or Curved, Ons t More, Coittgt 
It How, a the : ſore Fork —_— 


with Lines to that pai 
wi Fr Works, | erker realy 


TR/ ACTET — 2h; 
TOE 


(1 
L of FE bv 


EFARATA. 


"'E R tu 


Age 7 line 10 for Works read Mats. ;p4 and 9 Figue X10 in the margine.is omitted. p,11 1.11 f. There 
titude r.The one of the FYn 21 at id whe. je ps Il F gp margine r1 m_— p- 24 1. CS: 
clination r.Altitagds. 1 t Rule 7. Ruler, Youd. uv x03 I. upan, Pe 25 2 we «1 
and the Ek of the Sun's Declination 72 deg-4 minus 10 dig. 34 ? ti—aoM8 G's _ Ab 
29 


1.22 F, - : the mat, 
the: in Crake drgh ed ee «4 « Lnifwads Marrk pet D4 kfs t. 15 be 


52 mn. 54 d:- 

ET ruth þ. al 58 
5bid1.30 £. ws dee-49 min. p.y8 1.18 f.propertional r.ave propertiona. ibid. L28f. <a 76 

_ mix. p60 122,33,34 LT 4. B23, 19 f.Howr #- Hours. P. 4: 48 i-being a Parallel r. being all Payaltel. 

P.75 1.12 f.Declindtions r,Declination. L2y f.of 54 deg.r.of 30 deg. p102 1.12'f.about r.ubour. p.tokLpe- 
.Plaips r.Blafn. prod gi foxcit 7 Tithe, p-107 1.22 f. A Er.4 F. ibid..35 f.44 deg.r.q 5 depxibl 
13047, 109 hat f-Sines,only to Pere et? } p- 110 in the Brace for 10,10,10,0c.1.40,t0,t0, 

F.ct ax rof 2%, 3 f.SIne r.Ling. p11 ha3 fu incor, praSlas F/ENTMEN. p14, 5 pen 

either Dirtff r.Sotth Ereft Direfi. ibid. 'r6 £. 4 Sourh Erect full xl Plain v.5n'a ful South Er & Pla L. 2 


dele the, rs Plain. p.122Lron abermnbrare thi (beginning. A 
Places ae: Fig.X1 1.Pagen : P-iap L8 £95 ras) Lig f. Ind 4 5 
L4 f.33 thg.28 nine 38 deg.28 min. pergs Lir E N as T.up08"N 26: P4136 17 f, Thigen EP r.. EP, 
Ibid.. 34 £.2c6/th r:South. p.139 1.15 and 167. thus, If the Remote Connrey Le won of the Bane Contrry, 


it is Meridian or Wootide ire than 5x the Home CunntrY, type br = ar tke botrom of Page 162 you 


muſt inſert the Title of the following Table of Amplitudes , which Title is miſ-printed at the bottom of 
Page 168. p.174 and 276 |. 1 f.ſollowing hey nm de Bens þ p.12 1.2 &/f.and from them Point-line down 


the Side r.and from them Points, lines drgmn down th Side, ibid 1.25 might be ſaid r. Mort might be ſaid. 
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_ * DEFINITIONS MY PROz _ 


»bid 19:0 971 (9 2 U 4 olgnA als 07 xt 2i Aa9123 2btl 2n0 9719-01 
C 


Geomerrial &Aſt RAT 
For the more eafie Appreheriding; and.364d 


Performing, of the ſeveral Matters arid Fhirigs «1-190 
in the following TRACTATES. 


gk $ 
From 'any Point ina Right Line gies, ta Ere# ut ke Right 


Line, which ſhall be Pcrperichen 4] rob8Right | C groen. 
> 964i] £26 Q J "ry 


Dehoition 1] Point « #hat aobich hath no Part, dneb ie ibe taft 
imaginary thing , a—Pgcony v7, Prick- aed 

with 11 6 [24 A Thio9 $1!7 ni: Two01 9 
Definition 2.}'\, 4 Right Line Ps Line dr ata oquilly hetwwerd Sc 
givey;Points, 4nd:s the "hart diftance rivet them; a0 i tht Lins 
XY, which # the fiwrreft (fhance.betweet the. i206/Poines/ Yun Y; 
, 4 Kant}: A TITRE 9773-4077 ToÞ ; V4 FH 
Definition 3. 3) of Right Line #iſvid #0" 6t Perpendicular 2a avorber 
Right-Line 4; maketh 4ht Angles or :either- flag | of i2he red 
fed; Line equal; that; (othat. 1 threrched Line 1xclines inet ; ; ehrber 
ro the right hand; or to the left ; but ſ!ahgesb wpright -upen. the Line 
from which it « eretted : As in [Figure L}. The yrs Line AB, « ſaid 
to be Perpendicular to the re the Right Leſt which it ond, 
for that it inchneth nee fo the R 
' 08 et Beg file thereof are e 

the ons fide;} equi Loſs * wo wn 


padynteny F- oh 
dE th Rig CCD 9 Fn” ack A 


: (Ee; this Right Ling et 
 'to/&et another Ripht Lin 


cular thereunto, pn the Poi 
On your Compaſſes to any convenient ſmall Tiſtance. "6 ferting 
one $oot infhe Point B, with the other make the two ſmall marks E and 


B F, on 


! 


*,"f f? Ty 


” from B thropgh 


INTRODUCTION. 


F, on either ſide, equidiſtant from the given Point B. This done, 
Open the CompailesAgain/to any conygntent diſtafce (greater than the 


: 


former) and ſetting one foot in the Point F, with the other deſcribe Ss) 
obſcure Arch G G 4 auer weg paint B , 2s near as you c e 

——Agſin ! ( the Cheat bag gpee at the ſame di.eq) Þ&t 
one foot*1rf the Pot -#nd with tif other deſcribe ariother obſcure 
Arch H H, croſſing the former in the Point A: So 1s A a Point found, 
through which, if you draw # Light Litie ftom the given Point B, that 


Right Line A B, ſhall be Perpengrcular, ta the. given Right Line CD, and 
.. virtt & Kg otic Tg ar7 BD, 


from the Point B,whic teduird to bedone An 

on the one ſide thereof, is equal to the Angle AB C, on the other ſide ; 

and both of them are Rigfit (or Squarg) Angles _ _ "?) 
Wir FR TEE. . >, ' IT T }J3z 


Note, An Angle is always ipnified by Three Letters, as a Point is by 
Oae:; the middlermoſt,, of which, Fhres repreſenteth the angular 
oint 


Poiht; 85 in this Cafe the Letter B——Þ being the angular b 
and the Lines A Brahd B C the ſides, -containing the Angle B-,* 
PRoail. 


How to Ereft a Perpendicular, when the given Point is is 
(or near) the end of the'given Right Line. 


Hers are ſeveral ways to effe@ this; of whith T will 
here ſhew you only Two, as being the beſt. ©: 

| Let AB be a Line given, and from the Point A, to- 
wards the &nd thereof ,+ Jet: it bs required to cre the Perpendicufar 
A C—Eirft, Open the Compaſſes to any ſmall diſtance, and ſetting 
one foot in the given Point A, with the other deſcribe an Arch (or part) 
of a Circle FE D,—And' (keeping the Compaſſes ſtill at the fartte di- 
ſtance) ſet one foot in D, and make a mark in the Arch at E, and fet- 
ting one foot in E, with the other--defcribe another Arch of a Circle 
AFG, croſſing the firſt Arch in F=Again, Set one foot in F, and with 
rhe other deſcribe the ſmall Arch H H, croſling the former in the Point 
C, through which point C, draw a Line" from the-given point A? and 
that Line thall be Perpendicular to'rho given Line AB, and drawn from 
the point A, as was required. L.0 2 
\ 


'» A Stcond way. 


.Let B (the extream end. of the given Line) be the point given—. 
Open the Compallcs to convemeant diſtance, and ſetting one foot 
in B, pitch down the, other at adventure in the point K,' {0 0ne foot 
reſting in K, turn theother about till it croſs the given Line ABinL, 


and draw the Righr Line L K at length, and ſet the fame diſtance K 1, 
(ar whighahs Ty Tg ſtand) from! K ro.M.;,fo a Linedrawn 
M, tal e Perpendicular to A B, and from the given 


point B, as was requirgd,.;,, 


Pratice. 


- 
* 


CTEE _ PROBL. 


INTROBUCTION:. 
PrRotrc. FI1. 
' . From a Point above, tb or'4 Perpetidicular fall upon 
0 EO IPRS Joan, " 


* 


N this there are two Caſes, —Firff, When the giv n, point above, 
is over (or hear) rhe mntdle. of the given Line , Aþd—Srcond!y, 
When the given pointis Juſt (or hear aver the ?#d of Mdgiven Line. 


Pratlice.] F: the'f-ſt Caſe Le NO bes Right Line given; #nd Fjpure 


fromthe point P (6ver it) lerit be fequired to let Fall rhe 

Perpendicalar PQ.i—-Firft, Oper the Compaſſes to any 
convenient diſtance, greater than the diftznce between P"and'Q ; and 
ſetting-one- foot inP, with the? other draw +an obſcore Arch .of a 
Circle cutting the given Line in the points R'and S—Secoyed!y; divide 
the fpace betweed;Rahd &- into-two equal parts. in tho pourt Q'; So a 
right Line drawn from the ro pou: PF. to the point Q, all be 
Perpendicular to rhe Line-N ). . Fy. 0P 10. IA 


Note, To avoid the dividing of the ſpace R.S ingo two equal parts, to 
find the point Q ; if you have room (either above or beneath your 
Line) you may tet one toot, in, 8, and opening/the-Compelles to 

any convenient. diſtance, make the Arch, Y Y, 'vnd removing'the 
Compalles to R,. make the Arch ZZ, croſling the former in &, fo 
a Linc drawn through A and P,, ſhall be Perpendicular rg N/O. 


In the ſecond Caſe, 1.ot V be the point given ;—Firf, From, any part 
of the given Line N O, as from T\, draw a Right Line to the given 

int V, which divide into two,cqual parts in, X,— Secondly, Ser one 
foor of the Compaſfes in X, and with the diſtance X T deſcribe the Arch 
(or $emirircle) VOT, cutting the given LingNO in O, fo ſhall O be 
the point, to which, from che given point V, if, you draw &@ Right Line, 
it ſhall be a Perpendicular to the Line NO, and from the point V; as 


was required. 
PrxoBL, IV. 


To divide a Right: Line i#20 7wo equal parts, and at 
Right (or Square) Angles. Xx 


We Fr: AB be a Line given, to be fo divided-—- Take in F; 
, y 
di 


our Compaſſes the length of the given Line AB; Oc 
any other ce greater than half the" length chereof;' and ſer- 
ting one foot in the end A, with the other draw the Arch CDE——- 
Secondly, (the Compaſſes being open at the ſame diſtance) Set one foot 
in B, and with the other croſs the former Arch (both above and below 
the Line) in the points FandG: So a Right Line drawn (or a Ruler 
laid) from F to G, ſhall cut the given Line in H, fo ſhall the given Line 
AB be divided into two equal parts in the point H, and at Right An- 
gles, which was required, 


PROBL. 


II. 


gure 
IV. 


: 

% 
© 
- 
*1 

x} 


Figure 
; 


Definition.) | 


INTRODUGTION, 
PeraoRktl. V 


A Right Linc being given, to.draw another Right Line which 
ſhall be Parallel thereunto at any diſtance required, or through 
any Point Aſſigned. 

Ight lined Parallels, are ſuch Right Lines, which be- 


ing draws «pon the ſame Pla, and infinitely ex- 
tended on citber (ide, would never concur or meet ; but always, in all 


parts, retain an equal diſtance, and ſuch are | B- Rr > 


theſe two Right Lines B C and BD. IB D 
In the deſcribing or drawing of Parallel Lines, #here may fall out 
Two Caſes or Varieties As, 
1. It may be required to draw a Line Parallel to another Line, at a 
certain given diſtance. SUL 1 | 
2. The Parallel may be required to bedrawn through an aſſigned Point, 


And of this kind thiere aretwo Varieties ; For, 
t. The given Point may be over or under the given Line. Or, 
2. It may be Oblique 70 the Line grven. M74 


Prattice, 0 ul | EtEF be a Right Line given, and let it be requi- 
Firſt Caſe.) red to draw another Right Line Parallel there- 
unto atthe diſtance of the lerigrh of the Line G.--- 
Firſt, Take in your Compaſſes the length of the given Line'G, and 
ſet one foot in the point E, (or in any other . part of the given Line; to- 
wards the end thereof ) deſcribing the ſmall obſcure Arch I K,—Thena 
move the Compaſſes to F, (tiear'the other end of the Line) and de- 
ſcribe another ſmall and obſcure Arch 'L M.—Laſtly, Lay a Ruler to the 
very top of theſe two Arches, ſothat the Ruler do nor croſs, but juſtly 
7ouch either of them ; Thea if by the edge of the Ruler you draw a 
Right Line NO, it ſhall be Parallel to the given LineEF, and at the 
diſtahce of the length of G,* which was to be done. 


Practice of the ErP Q bea Right Line given, unto which » you 
Jecond Caſe.) are to draw another Right Line Parallel, which 
3%: Parallel muſt paſs through thegiven point R. 
Firſ?, Set one foot of your Compates inR; and with the other take 
the neareſt diſtance to the given Line P Q ; which is done, by opening 
or ihutting of the Compalles, till the moveable point of them , oonly 
touch the given Line P Q,; and there deſcribe ho Arch $S T—Second!l 
The Compalles at the ſame diſtance, ſet one foot in ;Þ, (or any: or 
towards the other end of the given Line) and with the Sher |ribe 
the Arch V X—+#Laſtly, Through the given point R, and the very 
top of the Arch VX at Y, draw the Right Line R Y, and it ſhall be pa- 


rallel to the given LinePQ, and ſhall alſo paſs th 
R ; which was required oP. done. p _ ws ee EA 


Prattice. 


INTRODUCTION. 


Prattice of the EtA B be a rjghti Line given, to which another Pa- 
_ ThirdCaſe. | . rallel right Line is to: be drawn, whicts ſhall pls 
£4 I'S through rhe point Gift vor bog , 4 £ on A. 
Firſt, Take in your Compaſles the diſtance fram.C to.B, - rhe end of 
the given Line.—Secondly, Set one foot in A (the other end ofthe given 
Line) and with the other deſcribe the obſcure Arch FG—Thirdly, Take 
in your Compaſſes the length of the given Line AB, and ſetting one 
foot in C, with the other deſcribe the Arch DE, crofiing the former in 
the point H: So a Line drawn front the poitit 'C,” throhgh the”point H, 
ſhall be Parallel to the given Lipe, A B, which Masirequired:y os 


or IEP 0), 
EE pct Prop. VI: 40 fir 
Tomake an Equilateral Tnangle, .whoſe Sides [FaRt"be" all 


' equal 10'4 Rig t Line givers... ec 

Definition.} z NEquilateral Triangle, s ſuch a Triangle as bath all 
Fas 2 A ts ſides equal one to another. _ (En DAP 
Prattice.] | Faw Q be the Line given, to which make” rhe” Linie' M O Fjoure 
| equal ; Then, Take rhe | length rhereof 'in 'your Com- VI 

paſſes,and ſetting one foot in M,withthe otherdeferibe the, Areh A A.— ; 
Again, ſetting one foot in O, deſcribe the Arch B B, cutting the former 
Arch in N —Lafty, draw the, Right. Lines. N.O; and N M; and they 
ſhall include the Equilateral TriangleM NO, as was required, 


To make a Triangle of any thret pojible Right Lines, given. 


Et the three Lines given-beG, D, and E=Firſt,” Take the longeſt Fioure 
| Line Cin your Compaſſes, and make Jac Line FG equal there- VII 
unto—Secondly, Take in ygur:Compalles the Line D, and ſetting , 
one foot in G,deſcribe the Arch H H,—Thirdly, Take the Line E, and 
ſetting one foot in, F, deſcribe: the-Arch 1'l,; e&rofling rheforrer, Afch in 
K.—Laſtly, draw the Right Lines K F and KG,and-they ſhall conſtitute 
a Triangle, whoſe three ſides ſhall be equal.ts the three given Lines 
C,D,E; which Was required... ani! 1frite 51. 7 / WS 
lia ads oÞ-R.08 doi Y Io: 2oo! owt ds d 
To make a Geometrical Square, whoſe. four iddes ſhall be 
= 29 equal to.a grven Right Line. |. + - 7 
Definition] A Geometrical Square. ſuch a Figure boſe four Sid 
| A ata equal,and its four Angles,ol RightC or Square) 
Angles. tl "4 | cs Was 


Prattice.) Et the given Line bt $, take the length thereof, and Fj 
make the Line TV equal to it; then on the 'end T, 
ereCt a Perpendicular T X, equal alſo to the Line $.— 


Again, fet one foot of the Compaſſes in X, and with the other deſcribe 
AGDODN C the 
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Figuee 


Freure 


INTRODUCTION. 
he Arch Þ P,— Alſo, ſet one foot in V, and with the other deſcribe the 
Arch R IJ, cuttting the former Arch in Z. —Laſt , draw the Lines 


ZX, andZV, and you ſhall have conſtitured a Geometrical Square, 
whoſe ſides ſhall be all equal tothe given Line S; as was teduincd, | 


Pxost, IX. 


To divide a Right Line giver, into any number of Equal Parts. 


Prattice. | Bae the Right line G be the line given, to be divided into 
five equal parts. | 

Firſt, Upon any line drawn at pleaſure, as the obſcure line H K,with 
your Compaſſes opened to any ſmall diſtance, run along the fame Five 
times at the figures, 0, 1, 2, 3, 4» 5» (becauſe the line givenis to bedi- 
vided into five parts.})—Then take in your Compaſſes the diſtance from 
oto 5, and with that diſtance, make the Zquiz/ateral Triangle 5 Lo. 
—Agpain, Take in your Compaſſes the given line G,) and ſet that di- 
ſtance from L to M and N, drawing the line M N (which will be equal 
ro the given line G,)—Laſtly, Lay a Ruler from L, to the points 1,2, 3, 
and 4, in the line HK, and the Ruler will cut the line M Nin the points 
1,2, 3, 4, dividing the ſame line equal to G, into five equal parts ; as 
was required. 


Note, This Equilateral Triangle thus made, is capable of dividi 
any other line into five equal parts, beit either greater or leſſer than 
this given line G, if the length thereof be ſet trom L on both ſides 
of the Triangle, and the line drawn croſs from ſide to fide, as in the 
figure you ſee the line QR which is ſhorter, and the line P O which 
is longer than MN (which was equal to our given line G) are both 
of them divided into five equal parts. G . 


PrxoBL. X, _ 


How t0 divide a Right Line in fuch parts as another 
Right Line # before divided. 7 


Et the line A B be aright line unequally divided in the points 10, 
| 20, 3O, 40, 50, 69, 70, and 80. Andlet it be required to divide 
the two lines, 2:3. CD which is longer,and E F which is ſhorter, 
into the like unequal parts. _ | EE SRLBe 2H 
Ot the given line A B make anEquilateral Triangle ABS, and extend 
theſides S A and SB toGand H, and farther iFoccaſion be : 


Then take the ſhorter line E F, and ſet it from $ to H, ang fromSto 
F, anddraw the Right line EF.——Alfo take the logins © D, and 
ſet thatfromS toC, andfrom S$ to D, and draw the line C D. 


Now if you lay a RulertoS, and to the ſeveral unequal diviſions of 


the line A. B, where the Ruler ſo laid doth croſs the two other lines, it 
frall alſo divide them into the like parts. | 


PROBL. 


INTRODUCTION: 
= OY ol + bs 


To any thrie Pbints tven, whickhe wot in a t Lids; 6k 
N.- the Cemtre of oCirde, whoſe ded ah mage teſertberd, 
ſhall paſs through the giveyPouns. 


Et the three points be A, B, C,-Firſt, Setroo foot of your Cot Fjoure 
| aſſes m bales the given points A, punt) th Chet foot ro F SJ] 
5 another of the grven pn es! mw ADE A pw 6 
G F D--Serondly, (the Con . ie ſame e 
fore) Set one by inB, and with the other foot croſs the fottner Arch 
GFD, with two ſmall Wake or Arches , in the points DandE, and 
"7" draw the right line D E—Third)y,, Set one foot of the Compaties in 
the third given point C, (they ſtill keeping the ſame opening) and with 
the other foot croſs the firſt drawn Arch GF D; in thie points F and G, 
and draw the right line F G, croſſing the former right line DE io the 
int O, So ſhall O be the Centre of a Circle; in which, if you ſet one 
Foot of th: Compalles, and open the other. to any of the three given 
ney the Circle ſo deſcribed 267 diteRly through dll the three 


int3 A, B, and C ; as was reyuir 
Prxozi, NIL. | 
Two Points within a Circle being gives, how to find the Centerit x 
P © 


of the Arch of a Great Cirele, which ſhall paſs through tho 
two piven Points: 


Definition.) A Great Circle #p0s the Spheres ſuch a Circle as divideth 

A 7he Sphere or Globe into Twoegual yurrs ; aud ſo, the 
Arch of a Great Circle, deſcribed upon a Plain, « ſuch an Arch , as di- 
wvideth the Perifery or Circumference of the Fundamental or Primitive 
Circle gzven, :nto Two equal Parts. 


Praifice.)} be GB HD be the Fundamental br Primitive Circle given, Figure 
' whoſe Centre is C; and let the two points within the Yyr 
ſame, through which the Arch of a Great Cirt/t is to paſs, be X and Y. : 
Firft, Through one of the given points X, and Ceatre of the Circle C, 
draw 4 right line.X C, extending it infinitely towards F z upon! this 
line from the Centre C, ered the Perpendicular CB, arid draw the right 
line B X, cutting the Circle in G, through which point G, nd the Cen- 
tre, draw the Diamerer , or right fine G CH. "Faftly , Through the 
5" B and H draw & right line, extending it till it cut ths Jine X F in 

, ſo have you found a third point, vis. R, through which the Arch 
of the great Circle to be deſcribed muſt paſs; nd now having three 
points, X, Y and R, you may through them (ye laſt Problem) draw 
the Archof a Circle, namely. the'Arch AX Y LR, whoſe Centre will 
be at K, and whoſe Arch will divide the Primitive Circle: into two 
equal parts in the points A and L: Ard that it doth fo, is evidenr, for 
that the right line drawn froin A to L, doth alfo paſs through C rhe 
Centre of the Primitive Circle, ASTRO- 


> . Fa + wn, V © & 
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ASTRONOMICAL .© 


DEFINITIONS. 


The Deſcription of a Material S or Globe,and of the Points, 
Lines and Circles thereon deſcribed and belonging , how-they 


are ſituate upon; the Globe, and to what\Ulc each of them 
ſerveth,* FA Oh 


- 


% 


J Holoever intends to attain to any competent knowl Be in the 
WwW Art of Drallrrg with Profit, muſt not be ignorant of the Ru- 


diments and Princepals of Aſtronomy ; ſuch, 1 mean, as relate 
to the Sphere or Globe ; of which Ihave lately Publiſhed a Book of the 
Uſes of the Globes, Celeſtial and Terreſtrial ; and to bewell acquainted 
with the ſeveral Points, Lines, and Czrcles thereon deſcribed ; and to 
know to what Uſe each of them are appropriate: To the attaining where- 
of, I premiſe theſe following Definitions : dr, Y 


I. Of a'Sphere in General : 


| Definition. ] Sphere (as #t is defined by Euclide) 7s a ſolid Figure ; 
F; xmt made, when the Diameter -of a Semmiceirele abiding 
g unmoved, the Semicircle s turned ronnd aboxt'q\ till 
it return to the ſame place from whence it b:gan to be moved : Sothat 
all the Rays drawn from the Center to the Superficies of a Sphere are 
equal. The Ax of which Sphere is that fixed. Right Line, aboat 
which the Semicircle is moved. ——The Center of 1he Sphere, the ſame 
point wwit6 that of the Semicercle — And the t1we exyream ends of the 

Diameter of the Semicircle are the itvo Poles of zbe Sphere. bs 
The Circles that are deferibed upon the Super ficzes x pI are 14 
number Ten : Of which Six are calledGreat Circles, becauſe they divide 
the whole body of the Globe into Two equal parts >The ather Forr 
are called Small or Leſſer Circles, for.:hat they divide the body of the 

Globe info Two unequal Parts: ._ .,.. Wahi y vt 


e 
*? 


; L Living ] [7+ Azimurbs, or Verticak 
A 1 :Qircies 7; ++ Oy f 

| op, uinodial | | 8, .The io Tropicks , ,- | + 

the His Fania)" [fe erCieckes-of> , 

_ | INATIQA - :. | 7 2411009 
Circle of Eaſt and Weſt | | 10. Circles: or Parallels of... 

6- The Hour-Circles. J Altitude. , A in 


Wb ww Dm 


Of theſe Circles all but the three laſt ave great Circles of the Sphere 
4 the. Cir- 


which druide it into two equal parts ; and the izyo Tropicks 

cles of Alritude and Declnatian, are ſmaller Circles, Fg drvide.the 
Sphere into ?wwo parts unegnally. bh”. 1 37 

FO Beſides 


INTR@DUCFTION; 


- Beſides theſe great and ſi Circles, there are ſeveral Poiots « 
hs Globe S478 Np Zenith, which [5 the F444 ford _ 
drveff by ' over otr Fe Ptey fag 0 ee ag 
(z.) The Nadir, SRL the Point wa tp ootyy) {he Y 
Poles of the World,” obout-which th, den, 4: * 
Poles of the Ecliptich; E ) by her Cree, * 


The Meridian isa ec weft the' 5p 
both the Poles of the and alſo" : if 
Points, underaffeth the pe F itt the Ab#; —_— Searh oor ance 
Unto this Circle & br Fw he yore when the Sun made: it : 


Noon or ney P Munn Phnets, in the 
come to touch t dr Te then TIN | the Meradyes 
or at the hi iſt they will ce inthe Scheme of 
this Projedtionis + ns drees ZH NO, 


The Horizon alſo is a gre: ode this Pheve, and it is Prog Circle 
which divideth the viſible pai tof the Heavens which we ſee, from the 
not viſible, that is, it divideth the Spb-re finro' two Here pbeves, the 
lower, and the higher. To this Circle when either the Sung - Stars 
or Planets, come on the Eff part, they arcthen ſaid to#/ſc ; and. "when 
they have pulſed fromthe Efterly Point, by the Merz dt 
to the Weſtern part of this Cirele, "pr are ors Tea f: This Circleis 


repreſented in the RO + env fe Tg 


Ther £7u anpnnrtb S a gee uran ie op iris evated bat 
the Hor: Zon (vu e Meri e)10 as ist f 
of the Latitude " rhe Place.” "As ut Lowdown,” wh he LANs rt 
6 . 32 min. thats the bo: arr bared 58 0 pr EE 

o much as5i degr. 32 of go deprIJand it 

Hl in the Points Eaft ne. Unto'this: no 
eth (which'is twice _ ye . dinghy | abour'the 10 of AF: 
112 of September) it cauſeththe Day neAy wen 1 
the wo over. ag Nephy Vn in the Seheme ene view Fg 

c #7508 1n the ior W $5 the Ez e 
Points thereof. + - 7 won & f 


This alſo is 2 #1 cunt 1a the Nore ws aws- 
CEE, aboye Id Cache 0 Oy 


THR Circle 1s catled by 
in his I never ſe 
gitude or Plate'i | 


'; the few Novrbern 
> robs bo hrs 4s aboye'che' Dn 
WE and .X, ; on theory wh 97 
eb19'89 vill i 124aT Antonia, \ 9112 


It The/Prime ao ExfnndWWof; called 
thi Equimettial Colure) and then Gathe Sphere is reve projet he 


INTRODUCTION) = 
as ropreſenteth the | FILE, 
racks erg Zenithand nc of ny TL 
Paints onus the Hniges, Ln bs & when ay ay Ir po 
fnoth do (in their M )-arrivegthey are ry ny 7 po = 


im the Projection the 
Z, "the Zenit N, the = A, Eo ty Ren 


Yizos : and alſo cutteth 8 c in the Points V and : =, 


' TheZ igyireler arp us Cir of o Fbere, meeting tagether 
inthe Poles of the War the ym vey opting bt y 4714 
dividing it at every 5 degrees ; and.theg.qyery of thoſe Diviſigns 4s 
one of time : butif nelly reno oe Abe purer he the Equino- 

_ it uneqyall th repreſent une- 

qual Specs time, FR they are; from the Meri- 

as, or one from another: Tae in the Scheme of the Pro- 
jeQion there are _—_ thus oy pore \þ BS,,R A T's PCS, andÞDS. 


immh Circles. 

. The Azimuth or Wy. OR great Circles of the berr,meet- 
together in the Zenzth and 6 up Points; as the Haur-Circles do in 
ts ly neg the aig 4 #00 TE divige Gr 7 ok no Hove 
z Or he Þs How: Yer, the £4« a Re 
Scheme of fSarns ater there are, far. of theſe Vertical Grcle thus 

noted, JON, zEN, Z AN, and ZGN.., ; 
8. Of ibe Tropicks. | 
The Tropicks are Leſſer Circles of the here, vidiog it unequaliy, 
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SaHftgtral 4 ), is 83 
cache E Eratbegd Node to Poigts,a 
Paints of the Horizon. 
Planets, do (in their Motigns) tm rnd 
is in the Projection ;>d 8 + 
Z, the Zenith, N, the 


rigon : and alſo cutteth "M F 


' The How Circles are 
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theg every of thoſe ot 3 


long 


ur of ous By belle through other p ado the Equino- 
_— it uneg ly hen do [7-0 Hoare tes he bent une- 
he diſtance they bas Ange the Meri- 


ia, qo 
qu Spc or one from another. Ck Circks in the Scheme of the Pro- 
jeQion there are _ thus of PBS,,RAS, PCS, andÞDS. 
the Azimuyh, Circles. _ -| 
The Azimuth or Wy Ciroles;are. great Circles of the bere,meet- 
ing together in the Zenith and owt Points; as the Hour-Circles do in 
the Poks of the rig Bernd divig ey Fr9y Lo, why Angich, Ove 
equally, or uneq Homrdarcles, didthe Eqgurarital. In the 
$cheme af th heb nh there are, faur of theſe Vertical Greles, thus 
noted, ZaN, ZFN, ZAN, and Z GN. | 
8. Of ihe Tropicks. 
The Tropicks are Leſſer Circles of b-oF 64 dividing it WEIPE) 
464 a Lag: m preſet eo the Equqnattial, at 2.3 dogr- Jain. ciſtgnce 
to the Sun's 
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5 INTRODUCTION. 
By theſe Parallels are meaſured the Altitude or Height of the 
and Stars, Int eScheme wy, monde: altar 
bY bus hone I givenos 6 brig{ondylarm Deſt iption of the Circles,bo both 
us have I given you a rig of t e 
reat and wee rep we "haN Ur ihr ama da #[ X| "" 15h | 
Freatiſe. And pre nur, chat every Cize per (borb reat and 
Small) hath his 03. ar hoe white Poles Wet if f Crcte are 
o Degrees, or a Quadrant of 4 ot re e it , 
MAR rt; = ry 
es, uſeful an ett to the follow i Cie of Hee 
of divers pri ncipal Vlacesin 4, Scotland, ing TraBares: hg Latirode / A / / 
_ of the Sun's | Declinatioo,uſefl r ike finding of the Sun's Aeimnth bee. 
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An | Alphabeiical Tabke of the Latitodes of the chief Ciries 4d Town | 
in England, Wales, Sorhond, and ED By Robert Morden. ---.- | 
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A TAB L E ; IR the Sun's Declination 
for every day of the Tear, ſerving for the more 
f004) finding of the Sun's Azimuth. 
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DIALEING, 


DEMONSTRATED: 


By ReGing the Sphere j in Plano, upon. the 
Plain of the: Horizon, ſuitable to an Latinude ;  and/from 
thence todraw the Hour-L.ines, Stile and Sub-Stile, proper 
ro any Plain, in their true Places and Poſitions, 


ALSO, 


Upon the Projefion, to expreſs the ſeveral Spherical Trianeles 
From which all the Requs/ites belonging to any Dzal are to be 
Calculated ; And how to Calculate the ſame: | 


LIKEWISE, 


How to Mcaſurc the. Sides and Ang/es of thoſe Triangles 
upon the: Projeflion 1 it ſelf. 


The Firſt TRACTA TE. 


CHATP.:t. 
Of the Lines or Scales of Natural Sines, Tan ingers, Secants, Halt 


Tangents, and Chords, often mentioned," and made uſe of int 
this Book; T. heir conflrudtion. or raking: Shewihg how they are 
deduced from a Circle or Semicurle ; a noon ewe transferred 
unto Streight Lines, and ſomay pon F jermed Circular 


Scales or Lines. fo 


ms 1 rermferente of ev kt lege reat or ſmall) 
1 riſrn 4; qual Parts, called na fa . 


and each jo phe theſ King is tpnin Hrvided it ſup 

poſed fo to be) into 60 min. ' $6'rhar Seri, or a, Circle; | conturns 

FR degrees, and a Quadrant nt, 6 Fourth bs ft gf of a ire, Fomtains 96 

P ey. / ar + "1 C21V6 $5] 

The Diameter of.a Circle & 2 rich Ling drawn rbrogh | thy Center 
of ths Circle, "d:o:drng rhe" Circle 73# o Ei) inal Payts' | 

The Semi- Diameter Pad Circle, 'is ee rhe COP and is for 

the moft part" ralled the ad; | Dh, 
.  Ppairice. 


PLAHEIMN 


Praitice) CRom theſe Defigatiohs af a 3F/e and its parts, 1 proceed 
yh ; F to.ſhew the clipas a Fi 10n of "4 mind Fel. ores; 
Circytm Scaley or fpines, of SinesgJangentg; &c. there-frop. 

1, Let there, be 4 Semigircle ibed of any Radius whatſoever, 
(fappoleof two Inches, as in the. Figure) which Sexnzcercle let beVRS, 
Then is V S the Dzameter of the Semicircle V RS, and the Perpend:- 
-ular raiſed from (the Cyniter of riddle of the; Diameter © R, is the 
S-midiameter of the Circle, which divides the Semcircle into two Qua- 
drants, viz, © RS, angPRV. rr, 7. - 

"0 Divide the two vadramtsR Sand © R Y, each of them'into gs 
equal; parts or Degrees, 450 the Figure is done, beginniog at Y and S, 
and aſcending upwards towards B.; 'numbrigg them by 10, 20, 30, fSc. 
t0 90 z as there you ſeg done, X 

2. If you draw Right: Lines from 10 in the one Quadrant, to 10 in 
the other Quadrant, and from zo in one, to 20 in the other, and fo 
upwards, till you come to R ; thoſe Lines 10. 10, 20. 20, &c. will be all 
ot them Parallel to q': Diameter V S; and will cut or divide the Ra- 
aus, or Semidiumeter R oO, into go unequal Parts or Diwiſcons ; which 
Line (ſo unequally divided) is a Leve or Sealke of STNES. 

4. Upon the Point S, ere a Perpendicular to V S, namely ST: 
Then, If from the Center ©, you. draw Right Lines through every de- 

ree of the Quadrent (as here is through eyen Tenths) you ſhall divide 
he Perpendicular LineS T, into unequal ports, at the points 10, 20, 
20, Sc. upto T, and farther ; Soſball this unequally divided Lines T, 
baa TANGENT Line, or Scale - And from the beginning thereot 
at S, to45 degrees thereof, will be equal to the Rad:us of the Circle, 
or to the whole Sealer of Sipes © R. oF 

. 5. If from the Center ©, and from every degree of the Quadrant (or 
tenth degree thereof ) as here is done, you draw Right Lincs to the 
Tangent Line, thoſe: Lines ſo drgwn. ſhall be FECANTS- As the 
Line ©E T, (drawn from the Ceztev © through 60 degrees of the Qra- 
drant RS) is the Secant of bo deg. And the Line drawn from ©, 
through 50 deg. of the Cyocene, to 50 degrees in the Tangent Line ; 
that Lane is the Secag? of 5odeg. - And fo of allthe Reſt. 

6. Draw the Line V R, and with. one foot of your Compaſles placed 
in.V, open the other to $0 deg. in the Quadam, and transfer that di- 
ſtance of your Compaſſes, to che Aight Line VR, by drawing of the 
ſmall Arch $0. $0, cutting the LineV R in $0, deg. the like for 70, 60, 
5©, Cc. So ſhall the Line VR be unequally divided into goperts, and 
io becomes a Line or Scakeof CHORDS. bo deprees of this Scale 
of Chords, viz. from V. too, is equal to the whole Line of Sines ; and 
is called The R A DI1U Sof the Line,. or Scale of Chords; it being 
cqual tothe Semidiametey of rhe Circle © R, 

7. If 45 degrees of the Taggent Line, viz. from S to 45, be divided 
35 here it is, and 5 deg. be numbered with 19, and AK 20, and 20 
with 40, then w 45 g. be go 52 and a Line fo divided is called 
Ling or Seale of HALF TANGENTS. es 

Theſe Lines here deſcribed may moſt conveniently , be pur 58 
Ryler of 8 or 32 Inches laog, together with ſome other Lines, or 
Scales of Equal Parts, Chords to ſeveral Ragiuſes , 2nd ſuch like ; 
which will be a convenient Inſtnyment for any Artiſt to have about him : 


A 


DIALLING. Is 
A figure of ſuch a Ruler, with ſuch: Scates upon them is graduated! 
in Frgure I. 1" Ee" Ba Figure 
And Note, That theſe Seales being put ypon a ſtraight Reuter, as in. 1. 
the Figure, they will ſerve only to Pr FE and Work ſeyeral other 
Conclu fjons, only to the particular Rageas to which they are made-: 
But if they be put upoo a-S&for with a_ French Towns, they will 
be far more convenient for uſe z; for then, they may be applicd to 
any Radrus, not exceeding the length of the SefFors Legs. 


CHAP.- II. 
How to Projeft the Sphere in Plano fuiteble to ary Latitude, 
upon the Plain of the Horizon. ' 


Aving already made way for the more orderly proceeding in the 
H matter principally intended in this Firf Tralate, namely PD; 
alling, degucey from the Sphere it ſelf, which of all others is 
the moſt Rational and Demonſtrative, the Subje@ of this firſt Chapter 
ſhall be to ſhew how to Projet? the Circles of the Sphere uppn a Plain, 
ſuitable to any Latitude or Hore2zon required. This may be performed 
ſeveral ways; Namely, (1) By help of a Line or Scale of equal Parts 
divided into 10000, of equal letigth with the Radius or Semudiameter 
of the Primitive Circle you Projet upon. (2) By the Help only of a 
Scale of Chords of the fame Rad:zzs with the Circle you ProjeRt upon. 
(3) And beſt of all by help of the Scales of Sines,, Tangents, Secants, 
alf Tangemts, and Chords ; all made to the ſame Raatus, or Semidia- 
meter, of the Circle you Projet upon. 1 {hall fay nothing of the Firft 
of theſe Three ways, becauſe in.this Book there are no Tad/es of Nas 
tural Sines, Tangents , or Jecants ; nor of -#he Sceond, becauſe the 
Lines in many Caſes will expend £0 almoſt infinite Excurfions, but ſhall 
ſatisfie my ſelf, apd rhe Reader with the Fai and Laſt way, namely 
by the Lines, or Scales , of Natyral Sines, Tangents, Secants, for 
Tongents, and Chords, joyntly uſed together ; the makirig whereof hat 
been already taught in the IntroduZFion.” To proceed then,——Let it 
be required to Projet? the Sphere ſuitable to the Horizon of London, 
wi LOR Ip og 4 ay (1 57 10 fl) 
Firſt, n your alles to the of your 
Secants , Half Tanteates and Chords, while ub oft 
(viz, Two Inches) and with, th; f Ferent pon the P 
the #damental ot 


wi, 
deſcribe a Circle, which I call the rele ; 
and let it repreſent the Horizon q if 


Secondly, Divide this « Angle 
VZE, 


2:11; ff 
49 


Diameters, drawn at right Angles L 
the Meridian, and the Line 


— 
Four 


S vo 
ris 
2 


Wff 7 
- 22 miq. 

28, mzo. (the xf Half 
Trngonts, Lad ſet them upon ba 
| P be 
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Phe the Pole of the World, and the Center where. all the, Hows Ciretrs. 
muſt meet, and a Circle drawn which ſhall pals through the three Pomes,; 
WPE, ſhall be the Hour Circle of Six. lo find the Center (whereof 
which will, always, fall 'it/ the Meridian Line NZS, extended if need 
be) rake the Setant of 5 : 'deg.';2 m, 'out of the Scale of: Secants,” and 
ſet it upon the Metidian from' P, it ſhall give you the Point B: Or the 
Tangent of 51 deg. 32 min.” ſet: upon the'Meridian from Z, ſhall give 
the fame Point B as before ; which Point is the Center of the Six a Clock 
Circle. | ; 0 12 of Tis 

Fourthly , In regard that the man Circle 1s go deg. diſtant 
from the Pole of the World, and 5 1 deg. 32 m. diſtant from the Zexxrb - 
Take 5 1 deg. 32 min. out of the Scal of j + %- Tangents, and ſet them 
upon the Meridian from Z to #&,. ſo (fall Abe a Point in the Meridian, 
through which, and the Points W andE in the For: zen, the F quinotti.tt 
Grele muſt paſs. And to find the Center thereof, the. Secant. of z8 deg. 
28 min. ſet trom ®, or the Tangent, of.38 deg, 25 m. ſet from 7, upon 
the Meridian , will either of them give the Point C ſor the Center of the 
Equinoctial Circle W ME. _ _. -. | 

Fifthly, For the deſcribing of the Hour Circles, the Point B (before 
found) being the Center of the Hour Circle.of Szx - Through that Point 
B, draw a Line -at length, as K B K, which muſt Le Perpendicular to 
the Meridian NZS, and conſequently Paralle] to the Prome Vertical 
Circle W ZE, and in drawiog this Line true (according to theſe condt- 
tions) you muſt be very caretul, for the true drawing. of all the other 
HOUR CIRCLES do,wholly depend thereon, the Centers of alt 


of them, being,in this Ling,: And for the finding of the Centers jn' this 
Line, you muſt _. _— LO | Sir aff” 
Sixthly, Take 45 deg. out of your Tazgert Scale, and ſet it from Pto: 
R upon the Meridian Line, and draw av obſcure Line through R,. Para's/ 
lel ro W E, .asthe Line R H: Upon this Line, ſer the Tangent of 1 
deg, from R to 5,—Alto the Tangent of zo deg. from R to 4.—Likewife' 


F 


the Tangent of. 45 deg. from R 10 3.—The Tangent of 6 deg. train I 
to 2—And laſtly, the Tangent of 75 deg, from R to 1, ws 
-Seventhly, kay a Ruler from Prog, inthe Line RH, and it ht 
cut the Line B K in the Point V, which Point will te Center, by Which 
tro deſcribe the Hour (+ of Five, for one foot of the Compalſes Plas. 
ccd in V, and extended. to P,. willdeſcribethe Arch 5.P 5, for the Four 
Grcle of Live. And the diſtance B V, being ſet upon thie Line B K, on. 
the other ſide of the Meridian, from Bto VII, the ſame (extent of the 
Compalſles as before, one {oor being. placed in" V11, ard extended'ts. Pp, 
will deſcribe the Circular;Arch 7 P 7,to the Hour C:>l. of Srury — 
And in, this manner, If. you j ROE F:Gnr P.to 4, in the Ligez RH, 
in. 


” ” 


a 

it will, cut the Line BK, i, and the. Poiyt T1 witt bs the 'Center 
Whereby to draw the Hour Circle Nog The Arch 7 FE bp 
the.diſtance B JlJj, being (er, on. the other Tide. of the Meridian, ffban's 
ig VIII, Thallth qgive 09. the.Center whereby to deſc ibe-rhe Circle 
TRY, lorthe er Crde of Eght.—r-And.in the fi thanner, woutt 
you do for the Hour Cireles of 3 and.,g.——: and' 10 —7 and 1, whoſe 
Cenpers will allbe in the-Line BK, < tended. both Ways:=And inthe 
ſame rhatiner #5 the Whole Hoes ed drawy, ſo thay the F3/t4s; bod 
Quarters by draws , by allowing, z 5 deg. of the Tapgent Scale *f 
Ks et7 To, DE 22092 


e 


DIALLING. 


One hour, 30 deg, for Two hours, &c. 7 deg. 3o min. for half an 
Hour, and ; deg. 45 min. for One quarter of an Hour, and ſetting thoſe 
diſtances upon the Line RH, and atterwardstransferring them to the 
LineB K, as you ſee done in the Figure of the ProjeZF1om ; you ſhall have 
Centers for the Halves and Quarters of Hours alſo. —For the Centers of 
thoſe Hour (Circles which come near the Mer:dran, as the Hours of 11 
and 1, and the halves and quarters berween them and the Meridian, 
the Centers of them upon the Line B K will be very remote, and beyond 
the reach of ordinary Compalles, therefore for the deſcribing of them, 
Artificers, and other Artiſts, have an Inſtrument which they call a Botv, 
by which they draw them with great facility : 


A Synopſis of this Projedlion. 


The Primitive Circle NE $ W, repreſents the Hor;zon ; whoſe Latitude Fiourc 
is51 deg. 32 M. II. 
Z is the Zenith. 
N 7ZS the Meridian. 
W 7Z E the Prime Vertical C:rcle,or Azimuth of Eaſt and Weſt. 
P the Pole of the Worldgdiſtant trom Z = half Tangent of 38 deg.28 m. 
the Complement of the Latitude. | 
W AE is the EquinoCtial, Diſtant from Z = half Tangent of $1 deg. 
2 M. | 
C the Center of the EquinoQial Circle, and is diſtant from A = Secant 
of 38 deg. 28 m. Or trom Z = Tangent of 38 deg. 2$ min. the Com- 
plement of the Latitude. | re: 
S is the Center of the Equinoctial Co'ure or Hour Circle of Six, WPE, 
whoſe Center is B, diitant from Þ = the Secant of 51 deg. 32 m. Or 
from Z = the Tangent of 5 1 deg. 32 m. the Latitude. 
The Centers of the Hour Circles are all found in the Line KB K,extend- 
ed both ways, as is ſh:wed in the Deſcription: 


I might have proceeded farther in this ProjefFion, by ſhewing how 
to inſcribe the IS, the Parallels of the S:gns, or of the Sun's De- 
clination : The Ecliptich, the Circles of Altitude, and Azimuth Lines, 
with others relating to the Suy's Courſe ; but there being no occaſion to 
make uſe of them in this place , I ſhall reſerve the manner of inſerting 
them, and others of the {ike Nature into the ProjzeFon, becauſe it will 
be done hereafter, when 1 ſhall come to ſhew the manner how to in- 
ſcribe thoſe Circles, and others upon Dial Plains : Let it ſuffice 
therefore, in this place, that I ſhew how to repreſent and /zy down up- 
vn the ProjefFion any Plain upon which a D:41! may be made, and 
how to find the Centers and Poles of ſuch Plans fo Jeſcribed : And 
alſo to meaſure the $:drs and Angles of ſuch Spherical Triangles as arc 
made by the interſetions of thoſe Circles, with the Circles of the Sphere 
upon the Projet7:on - But firſt, ic will be requiſite that 1 give you an 
account in a ſhort Analyſis. q 


CHA PF; 


PLAIN 


CHAF. IL 


Of the Denominations and Situations of the ſeveral ſorts of Plains 
upon which Dials are uſually made. 


Superficies are poſited in one or other of theſe three Poſitions, 

wiz. either Parallel, Perpendicular, or Oblique to the Hori- 
Zon of the Place, wherein the Plain is ſeated, and all the Hour-Lines 
drawn upon any Plain, are great Circles of the Sphere, which being 
projeted upon a plain Superficies, become Strait Lines. 

Now the Art ot B.alling confiſteth chiefly in the finding out of theſe 
Lines, and their true « 1t2nces cach from other; the which do continu» 
ally vary, according as the 7lains u; on which they are deicribed, or 
projected, arc ſituated in reipe of the HORIZON of the Pace. 


D I A L $ may be made upon any plain Superficies, and all plain 


\1. Parallel] tothe Horizon, as is the Horizontal ( which 
I call Vertzcal) Plain only, 
North and South. 
oDirect 


\ 2. Perpendicular to 
| f A vbich AS Meridional, or 


Of theſe the Horizon, and 


Plains there ſach are all —_ be Eaſt and Weſt. 


are but 3 5 Plains. either 
Varieties , 


U12Z. 


Or Declining, 


þ 


| North 

| ; South £Re? ;-_. 
[Dire r.g Fin {clining, 

Weſt 


L 3.Reclining from | 
"the Zenith, or(9and theſe A 
Inclining to the(Vare either? r 
Horizon. on 
Reclining 
CDeclining & 
Inclining 


Now in the making of particular Dials, which are in number 2 'Y 
reduce them to 17, by ſupplying the Inchining Plains from their OPPO» 
fire Recliners, as being, indeed, the ſame. 

And to avoid miſtakes , which may poſſibly ariſe by comparing my 
Examples with other Authors, or othets with mine ; you are to take 
notice, That | denominate all my Plains from the ſight (or the Poſitions) 


of their Axisin the Heavens, and not from the Circles of rhe Sphere in 
which they lie. Therefore, 


Thoſe 


DIALLING. 


CHorizontal CVerrical ? | Vertex or Zenich Point; 


S North North 
E Vertical re&> Points of the Horizoy. 
- South 


| South 5 
= < Meridian +I calls Eatt' 7 Eaſt 

Points of the Horizow. 
Weſt 


Poles of the World, 
LEquineFial Circle, 


Becauſe their Poles do 
lye in the 


=z ret 
EquinoRial | Weſt 
LE Polar 
Polar LEquinoCtial 4 
Again, All leaning Plains whetherdire or declining , whoſe upper 
faces behold the Zenith, I call Rerizners,and the neather,or under, faces 
of them, which reſpe&, or look down to, the Nady, I call Incliners. 


This DiſtinQtion being made, the Plains, of which the Examples 
following are given, are thus denominated. 


1. Vertical or Horizontal. 
2. South and North dire@&. 
3. Meridian, Or Eaſt and Weſt dire, 


Eaſt 
4. South and North, declining) os 
Velt. 
: Reclining, 
5. Eaſt and Weſt drea) Or, 
Inclining. ys 
6. Equinoctial, Or Souch Reclining or Inclining, to the Pole. 


7. leſs 
(Sou dire& Reclining or Inclining than the Poje. 
8. more 


IO. leſs 


Cort direct Reclining or Inclining 


Il. 


9. polar, Or North Reclining or FO: to the Equinoctal. 


Ctan the Equinoctial. 
more 


Reclining 
12 Frquinotia,O South declining Eaſt or wet Gro the Pole. 
» nclining 
above 
Ctbe Pole. 
under 


4 

15. Polar or North declining Eaſt or Weſt, Reclining or Inclining to the 
Equator. | 

16.5 


North declining Eaſt or Weſt moo the interſe&ion of the Meri- 
173 Reclining or Inclining /,4.,.4 dian and Equator. 


<3 * 
Tout declining Eaſt or Weſt, Reclining or tclining 
I 


CHAP. 


FFLATN 


F, 


CHAP: IV. 
How to Deſcribe upon the Proje&tion, any Plain mentioned i 
the former Chapter ; and to find the Centers and Poles of all 


fuch Plains. 


4 | \He Plains that I ſhall for Examples lay down upon the Fr ojetfion 
in this place, ſhall be ſuch as are treated of inthe following Dif- 
courſe : I intended to have laid them alt down , but finding the 

D:agram to be incumbered with multiplicity of Czcles, { 7nes and 

Letters, | will content my ſelf, and fatisfie the Reader , by giving an 

Example of One of each Kind , and the rather, becauſe (when 1 come 

to delineate and draw the Dial from the Projection) the ſame { in cffeR) 

will be repeated again : Therefore, 


ſented by the Primitive Circle thercof, Viz, W NES, The 

Center and Poles whereof are in the Point Z, the Zennh, which 
Point is go deg. diſtant from the P/azn in all places theregf, and to 
muſt the Poles of all Plans be. 

2. The Eretf Direft North and South Plains, are repreſented by the 
LineW ZE, forthe /ai» beholdivg the dire North or Fonih Points, 
the Pl1:n it felt mult needs lie in the Az:murh of Eft and Weff. The 
Poles of the & lains are N and S, which Points are removed from the 
Plain go deg. | 

3- The South Erect Plain, Declining to the Weſt 35 deg. To deſcribe 
this Plain upon the Projeti:on, Take ; 5 deg. out of the Scale of Chords, 
and ſet them from W to a, and from E.to a, (becauſe the Plain declines 
Weſtward ) and draw the Line 47 a, for your declining Plain. —Then 
for the Po/e thereof. Take go deg. out of the Chord, and ſet them 
trom a to, and from ato&, both ways upon the Primitive Circle, fo 
ſhall 4&6, be the two Poles of the Declining Plain; for -a Line 
drawn from+to & , would cut the Plazn at right Angles in 7, and be 
every where gc deg. diſtant from the Plain. | 

4. The Dire? Weſft Thain Reclining 3 5 deg. Take 35 deg. the Re- 
cl;yation, out of your Scale of Half Tangents, and ſet them trom 7Z to c, 
towards W, (becauſe it is a Weſt Plain, or towards E, had it been an 
Eaſt Plain) ſo have you three Points, N, c, and S, through which to 
draw the Circle N c S,reprefenting your Reclining Ply. Now for 
the Pole of this Plain ,, Take 55 deg. the Complement of the Reclina- 
tion, out of your Scale of Ha/f Tangents, and ſet it trom 7 to d, upon the 
Line ZE, ſo ſhall be the Pole of the Plain NcS. And for the Cen- 
ter of it, take the Secant of 55 deg. the Complement of the Reclina- 
720m, and ſet them from c upon the Line c Econtinued, and that ſhall 
give you the Point, upon which to deſcribe the Circle N c S, repreſcnt- 
ing your Rechining Plain. 

WM ze 


L 


| "Irſt, The Hor:zomtal : This Plain upon the Projedien is repre- 


5. The 


DEALLING. 


v6. The Direft South Play Reebining 76 deg, may be thus mſcrted. 
The Half Tangent of the Reclination 70deg, fet from Z tof, ſhall give 
the interſeRtionof the P/1n with the Mirvdian : Andthe Secant of 20 
deg. (the Coniplement of he Reclination) ſet from f to g, ſhall give 
the Center, whereby to deſcribe the Reclining = W fE:: Alſo, The 
Half Tangent of +0 deg. the Complement of t 

7 to h, ſhall give &,for the Pole of the Plary.. / 

This #1ain paſſeth between the Po/r and the Hor/2ou. 

6. The North diref# Plain Reclining 70 deg. may be thus inſerted : 
Take the Half Tangent of the Reclmation,yo deg, and fer it from Z ta wm, 
2lfo rake the Half Tangent of the Complement thereof, 20 deg. and ſer 
it from Z to #, 16 ſhall # be the interſeQion of rhe Plain with the Me- 
ridian, and * the Pole thereof : And the Scant of the Co-Reclination 
20 dep. ſet from mn, ſhall give a Point a little above P (rhe Pole of the 
World ) for the Center, whereby to deſcribe the Kechning Plan 
WmE. 

This Pain paſleth between the Eqninotira/ and the Hori ton. 

7. We come now to tlie laying down,or deſerfbing,of ſuch Plains upon 
the Projett:on;as do both Dechne and Rechine ;. And for our Example, 
Let us take a South Phin, Declining Eaſtward zo deg. and Reclining 5 5 
degrees. —To deſcribe this Plain upon the ProzetLon—Take the Decli- 
nation of the Plain zo deg, out of a Scaleof Chords, and ſet it from Eto 
D, and from W toG : 'Alſo ſet it ffom Ntol, and from Sto L ; fo ſhall 
the Line DG repreſent'the Baſe of the Reclining Plain, and the pricked 
Line 1 L the Axs thered!: Now the Reclination being 5 5 deg. AFR 
Tangent thereof ſet from Z tos, gives the Point of the Plains, and its 
Complement 35 deg. ſet from Z to 7, gives the Pole of the Plain : And 
the Secant of z5 the Co-Reghrnation, gives the Point r , for the Center of 
the Reclining Plain G 5 D: The which Plazn paſſeth between the Pole 
and the Hor: Zon. | 

8. The laſt Exampe ſhall be of a North Declining Reclining Plain, 
viz. North Declining Weſt 60 deg. and Reclining 54 deg. For the de- 
ſcribing of which'Plain upon the ProjetFion, Take 60 deg. the Plains De- 
clination, out of a Scale of Chords, and ſetit fromE to M, and from W 
to O, and draw the Line M O, for the Baſe of the Reclining Plain. Alſo 
ſet 60 deg. from 8 toQ, and from N to V, and draw the pricked Line 
VQ for the Ax# of the Reclining Plain. The Boſe and Ax# being 
found, Take the Recii#airon 54 deg, out of the Scale of Half Tangents, 
and ſet it from Z to =; for the Plain, and its Complement 36 d. fet from 
Z to &, will givethe Po/z of the Plain, and the Secant of the Co-recli- 
nation 36 d. being ſet from &, upon the Line Q V, will give the Center 
whereon to deſcribe the Plain Mz O ; the which Plain palleth between 
the Equator and Hors 20m. 


Recl:iyation; fet from 


How thePole of any Great Circle deſcribed upon the Pro- 
Jetion may be found. 


T7, Et the pricked Arch O * M be the Arch of a great Circle deſcribed 
upon the Projection: To find its Pole, Draw a Right Line from 
the two points where the Arch toucheth the Primitive Circle, as 


G from 


P L A'T'N 


from the points Oand M, which Line O M (if the Arch be the true 
Arch of a great Circle,) will paſs through Z the Center. —From M or 
O, ſet 90 deg, toV and Q, and draw the pricked Line V Q cutting the 
deſcribed Arch in the point X. —Ihen _ a Ruler from M to *, and it 
will cut the Primitive Circle in *, ſet go deg, from 4 to &, and a Ruler 
laid from M to =, will cut the Line VQin +, fois & the Pole of the 
Arch of the Great Circle O*XM: And in this manner may the Pole of 
the Arch of any Great Circle be found : 


Note here, (becauſe hereafter there will be often occafion for it ) Thar, 


if the Arch of a Great Circle,whofe Pole you ſeek, do paſs through 
P the Pole of the World , the Pole of that Circle will be in ſome 


part or other of the AquinoCtial Circle W A E. 


—_T_— 


CHAT. V. 


How the Sides and Angles of Spherical Triangles are to be 
Meaſured upon the Projection. 


jeftion are conſtituted divers Spherical Triangles , ſome Right 

Angled, ſome - © 0765 og , and other O4/ique Angular. The 
Sides and Angles of all which , may be meaſured by help of the Scales 
of Cords and Half Tangents : But to avoid confuſion of Letters in the 
Scheme, I will make choice only of one Right Angled Triangle, namely, 
M4E Right Angled atE. 


B' the InterſeQion of theſe Arches of Great Circles upon the Pro. 


For the Right Angled Triangle ME, 


1+ The Side ME, is meaſured by taking the diſtance of ME in your 
Compalles, and applying it to a Scale of Chords, fo ſhall you find it 
to contain 60 deg. ; 

2. The Sided E is meaſured by laying a Ruler to N (the Pole of the 
. Circle W Z4E) andthe point d, which Ruler will cut the Primitive 
Circle in +, ſo the diſtance + E, meaſured upon a Scale of Chords , 
will be found to be 32 deg. 10 m. for the Srde it . | 

;- The S:de Mg, is meaſured by laying a Ruler upon £ ( the Pole 
of the C:rcleM d O) and the point 4, which Ruler will cut the Pri 
mitive Circle in > the diſtance x M, meaſured upon the Scale of Chords, 
will give 64 deg. 58 min. for the S:de 4 M. 

. For the Meaſure of the Ang/e dME, a Ruler laid from M to & 

(a Quadrant from M)- will cut the Primitzve (Circle in» : and the di- 


ſtance » Q_ meaſured upon a Scale of (Chords, ſhall give 36 deg, for 
the Angle AME. ao 

5.. For the Angle M dF, orits Alternate Angle c 4O, equal there- 
'unto, lay a Ruler to &, the Pole of the Circle M d O, and upon 4 (the 
Angular point, it will cut the Primitive Circle in >, Then ſet go deg. 
"from * to Y, and lay a Ruler upon « and r, it witl cut the Circle M 4 


mn 


PLAIN 


from the points Oand M, which Line OM (if the Arch be the true 
Arch of a great Circle,) will paſs through Z the Center. —From M or 
O, ſet go deg, to V and Q, and draw the pricked Line V Q cutting the 
deſcribed Arch in the point *. —Then * a Ruler from M to *, and it 
will cut the Primitive Circle in *, ſet go deg, from ye to «2, and a Ruler 
laid from Mto =, will cut the Line YQin&, ſos & the Pole of the 
Arch of the Great Circle O*xM : And in this manner may the Pole of 
the Arch of any Great Circle be found : 


Note here, (becauſe hereafter there will be often occafion for it ) Thar, 


if the Arch of a Great Circle,whoſe Pole you ſeek, do paſs through 
P the Pole of the World , the Pole of that Circle will be in ſome 


part or other of the Zquinotial Circle W A E. 


"Os 
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How the Sides and Angles of Spherical Triangles are to be 
Meaſured upon the Projection. 


jettion are conſtituted divers Spherical Triangles , ſome Right 

Angled, ſome arte oy , and other O4/ique Angular. The 
Sides 2nd Angles of all which , may be meaſured by help of the Scales 
of Cords and Half Tangents : 'But to avoid confuſion of Letters in the 
Scheme, I will make choice only of one Right Angled Triangle, namely, 
M4E Right Angled atE. 


B' the InterſeQion of theſe Arches of Great Circles upon the Pro. 


For the Right Angled Triangle M4FE, 


1+ The $:de ME, is meaſured by taking the diſtance of ME in your 
Compalles, and applying it to a Scale of Chords, fo ſhall you find it 
to contain 60 deg. 

2. The Side d E is meaſured by laying a Ruler to.N (the Pole of the 
. Circle W Z4E) andthe point d, which Ruler will cut the Primitive 
Circle in +, ſo the diſtance + E, meaſured upon a Scale of Chords , 
will be found to be 32 deg. 10 m. for the SidedE | 

;}- The J:de Mg, is meaſured by laying a Ruler upon & ( the Pole 
'of the C:7c/eMd O) and the point 4, which Ruler will cut the Pri. 
mitive Circie 1n >the diſtance x M, meaſured upon the Scale of Chords 
will give 64 deg. 58 min. for the S:zde 4 M. ; 

. For the Meaſure of the Ang/e ME, a Ruler laid from M to £ 

(a Quadrant from M)- will cut the Primitzve Circle ins : and the di- 
ſtance , Q meaſured upon a Scale of (hords, ſhall give 36 deg. for 
the Anele 4ME. | 

5., For the Angle Md FE, orits Alternate Angle c dO, equal there- 
unto , Jay a Ruler to &, the Pole of the Circle Md O, and upon 4 (the 
Angular point, it will cut the Primitive Circle in >, Then ſet go deg. 
"from * to Y, and lay a Ruler upon « and Y, it will cut the Circle M 4 
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ins. A Ruler laid/from 4 (the Angular point) ts «,> will:cut the Circle 
in#,;-and the diſtance's W mraſured upon aiChord; will be found" to be 
72 deg. 54 m. for the quantity of the Angle c d », equal tothe Angle 
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CHAP. . vt 


Df the Sun's Azimuth, how to find it at any tiow (the Sun ſbining) 
Geometrically, Inftrumentally, ond Arghmerically 


Hat the Sun's A&:mmnth is, you are ſhewed in the fortgoing 
Introdst:on ; Our” buſineſs here is to find it : This work 
might have been d&f®ty the Projetiron ( and that ſhall be 

ſhewed hereafter in its due place) but the Scheme being too much in- 
cumbred already, I ſhall ſhew other ways for finding it. As, 
Firſt, Geometirically, by help of your Scale of Chords, &c. 
Secondly, By the Scale of Srznes before deſcribed : And, 
Thirdly, By Tr:gonometrjcat Calculation. | 


Before the Sun's Azimuth can be found , Three things muſt be given 
or known, V:z. 


1. The Liititude of the Place. 

2. The Dechnation of the Sun::+ - on? .* | 

3. The Sun's A/tztade + Which is to be obſerved by a Quadrant or 
other Inſtrument, ſo often as you have occaſion to find the Azimuth ; 
But the Latitude is always known ( or given) and the Decliyation is 
(neerly) fixed to the time of the 7ear ; and for that end, Ihave in the 
Introdufion inſerted two Tables, the one ſhewing the Latitude of the 
Cities, Towns, and Principal places in England, Notland, and Ire- 
Imd. ——The other of the Sun's Declination for every day in the 
Tear: The which Tables are ſubſervient to the. Work of 'rhis Chap» 
ter. And now, | | 


Having the Latitude of the Place, The Declination asd Altitude of 
the Sun, 10 find the Azimuth. 


I. Geomerrically by Scale and Compaſs. 


Aving the Latitude of your Place, and the Declination of the Fjgyre 
"| Sun, .and the Sun's A/7:tude given,..you may findthe Sun's Az- 
muth, Sothe Latitude of the Place being 5 1 d. 32 m. the Declj- 
nation of the Sun 17 deg. 56 min. North , and the Sun's Altitude 
35 —_ ; the Azimuth may be found Geometrically-, as 'fob 
oweth, | 


Firſt, Deſcribe with 60, deg. of Jour Line of Chords, the Semi- 
circle ADC, and upon B, the Center, cre the Perpendicular 


B D, 
Secondly, 


y = 


24 
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Secondly, Take 5 72 m. the Latitude of the'Place, out of your 
Lineof Cds ſer bas + DtoE, atd'draw the Line E B, repreſenting 
the Equinodtial Circle. | 19 7113116 WW 1» $7 

Thirdly, Out of your Line of Chords take 17 deg. 56 min. the Bans 
Declination, and (becauſe it is Northward) ſet that diſtance upwards 
from E toF, (but if the Declination had been Southward, you mult have 
ſet ir downwards from E to R,) and draw the Line FG parallel toB E, 
which repreſents the Sun's parallel for. that time. | 

Fourthly, From your Line of Chords take 35 deg. the Sun's Altitude, 
and ſet it Nom A to H, and from Cto L, and draw the Line HKL for 
the Line of the Sun's Altitude, $03 2 [1 

Fifthly, Take in'your' Compaſſes the length of 'the'Line 'K Ly or 
K H, and with that diſtance upon the Center B, deſcribe the Semicircle 
M PN. | 7 | >. "J ” 4 x E 
' Sixthly, Upon the point O (which is where the parallel of Derg 
tion,and the parallel of the Sun's Dealiwazren,interſeRt each other] erect 
the Perpendicular OP. Py | na 

Seventhly, Lay aRuler from BtoP, and it will cut the Cucle in Q, 
and draw the Line P | \ 

Laſtly, Take the diſtance from C to Q, and meaſuring it upon-your 
Line of Chords, you ſhall findit to contain 73 d. 56 m. and ſo much is 
the Sun's Azimuth or his diſtance ſrom the South part of the Meridian 
at the time of Obſervation. | NOR oi 


1 4 | - 


IT. By the Scale of Sinces upon the Rulez: 


Et the Latitude, Sun's Declinazion, and Attitude, be the ſame as 
before, Viz. Lat. 51 d. 32 m. Declmation 17 d. 56 m. North ; 
and the Sun's Altitude 35 dep. eto 


Firſt, With 60 deg. of your Scale of Chords, or go dep. of the Stale 
of Sines, upon the point 5 deſcribe a SemicircteN B S.' 

Secondly, Take the Sun's Declination 17d. 56 m. from your Scale 
of Sines, and ſet it from the point 4, to © (towards N,the Declination 
being Northward, or towards S, if it had been Sow hward). 


Thirdly, Find the Sum and the Difference | Comp. Lat. 38d. 28 _- 
between tle Completnent of the Zaitnde, | Comp; Alt; .55s og 
and the Complement of the Altitude, the | |_. ONT hy 
Sum of them is 93 deg. 28 min. and the | The Sam gz 28 
Difference is 16 5 32 min. and. the | p;e.. "IE 
Complement of the Difference is 5; deg. ; a, 
25 win, | | Comp. Dif. 73 ' 28" 7 


Fourthly, Take 3 deg. 28 m. (the exceſs of the Sum above godeg.) 
from your Scale of Sines, and ſet it from the point £ towards S, namely 
at A. ——Alfotake 73 deg. 28 mio. from the $cale of Sines, and ſet that 
diſtance from the point yy towards N, at the point D. | 


Fifthly,, Take in your Compaſſes the diſtance between A and D, and 


OO —_y 


16 32 


et it upon the Semicircle from S to B, and draw the Line N B. 


Siuxthly, 


D I/AL.LfIWNG. 25 


Sixthly, Take in your Compalles the diſtance between D- (the Diffſe- 
rence) and @ (the point of the Sun's Dechwation, and with that di- 
ſtance, ſetting one toot of the, Compaſles' upon /the Line' NS, -move it 
gradually along, till. the other foot.(being turned about) do only touch 
the Line N B, and where the foot of the Compalles (upon theſe condi- 
tioos) reſteth, ſet Z; ſo fhall the diſtance E Z, meaſured upon the Scale 
of Sines, be found to contain 46 deg, 4 m. . And ſuch is the,Sun's Azi- 
muth from the Euft.or Weſt points of the Horizon. —— Which being 
taken from go deg. leaveth 7; deg. 56 min. for the diſtance ZS, the 
Sun's Az:mub fromthe South.-—— Or, ge deg. being added thereto, it - 
will give the diſtance Z N, namely, 106 dep. '4 min. and ſuch is the Wiicnm 
San's Azimuth, or diſtance from the North. 


III. By Trigonometrical Calculation. + _ ____ 
' So the Latitude, Declination and Altitude be as before, US. 


d: m. 
Latitude 51—32z 
Declination---i7—56 Complement 72—04 


Altitude ——35—06 5 5—00 


L of 


« 


Their Sum-<r6 _ 


Half Sum —$2—46 


The difference between thehalk Sum 7 
and rhe Complement of the Suns$—1c qi 
Declination——_— 


L 


Firſt, You muſt add the Complemenr of the Latitude, the Comple. 
ment of the Declination, and the Complemertt of the Sun's Altitude, aft 
three into one Sum; and they make 165 deg; 34 min. the half whereof | 
is 82 deg. 46 min. and the difference between, this half Sum 82 deg. 46 4lim $4he frmfolbamen 
min. is-10 deg. 42 min. , | / | 7 wo 7 
Being thus prepared, thg Proportion to find the Sun's eimuifhy the A 
Table of Sines, will be as follotveth. - 


» 


(:) As the Radius, or Sine of go deg, — -10—060000 


is to the Sine Complement of the Altitude 55d. _—— - 64 
Sois the Sine Complement of the Latitude 38 d. 28 FRET £06 £50 3% 


— 


to the Sine of 3o deg. 38 min.——— _ g9—707196 


- _— 


(6) A 


- 4 - : ” I p 
: Pa” is $** 
WW 4 
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(2) As the Sine of 30 deg.- 38 _— | cr — — 9707196 
 & lt aha: 
$0 is. the Sine of rhe difference 10 d. 42 m.— TU HRW g—2687z3z 


—_— Y 


19—265262 
to this SiIn—————- —— g;;066 
To which addthe Radius, or the Sine of go deg — [ 0200006 


pF 


. "The Sum is _ - 19558066 
- Half this Sum iv-—— — 9779047 


Which is the Sine of 36 d.5$ m.the Complement whereof is 5; d.z m. 
the double whereof is 106 d. 4 m. which 1s the Sun's Azimuth, or di- 
ſtance from the North part of the Meridian-and this 106 d.4 m. being ta- 
ken from 180 d.leaveth 73 d.56.m. for the Az:mnuth from the South pagr 
of the Meridian. And according to either of theſe ways you may find 
the Sun's Azimuth at any time of the day,and in any part of the World. 


Roe 
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CHAP VIE 
Of the Declination and Reclination of Plains , and how to find 


their quantities. 
Wi a Declining and Reclining Plain is , we have defined in 


the foregoing Chapter,we now come to ſhew how to find the 

uantity of their Decl;natzcon or Reclination. —— Now, a 

Declining F lain 1s - 3 repreſented. by the fide Wall of a Church, 

Houſe, or other uprig t Edifice or Building, which doth not direQly 

behold the true Eaft, + North or South points of the Horizoy : And 

a Reclining Plain is beſt repreſented þy the Outſide of the 7:/cing of 
the Roof a Church, Houſe, Coaping of a Wall, &c. 


Definition 1.]Jqa y Ow, The Reclination of a Plain, Is the quamtity of 
F N ihe: Arch of that Vertical Circle , which paſſeth 
through the Zenith, and cutteth the Reclining 

Plain at Right Angles. 


Definition 2.] } * He Declination of a Plain , Is the quantity of that 
\ Arch of the Horizon, which is camprebended be- 
tween the true North'or South points, and a Line drawn Perpendicular 
to the Plain. Or, | 
It u the quantily of that Arch of the Horizon, which # intercepted 
between the true Faſt or Weſt points, and the Plain it ſelf. 


I. How to find the Reclination of a Plain. 


Prattice.T Et ABCD being the Roof of the Building P L RX, re- 


preſent a Rec/imeng Plain. Firſt, Draw thereon an Hori- 


zontal Lineas EF, which you may do by help of an ordinary Level, 


or 


DIALLING. 


or by applying a Rs/er to the Plain, and letting'one hold the Ruler ſo 
to the Pram, till you find, by the edge 'of '® Quadrant ax te the 
Raler, the Line and Plummet to fall juſt upon the edge t Jas in 
the Figure : Then draw a Line by the fide of the Rafer, as E F, 
and that ſhall be the Horzzonmtal Line of the Reclining Plain 
ABCD. po 

To this Horizontal Line FE F, draw another Line Sgvare (or at Right 
Angles) thereunto, as the Line G H ; ro which Line apply the fide of 
a Ruler M N, and towards that end which hangeth over the Plain, 
as at N, apply the ſide of a Qzadrant, letting, the Plummer hang at 
free liberty, to play by the ſide of the Quad ore and when it reſteth, 
note what degrees of the Qyadrant the thrid falleth upon , for thoſe 
degrees are the quantity of the Plains Rechination,.. 


To find the Declination of a Plain. 


N taking the Declination of a Plain, Two Obſervations are to be 

[| made by the Sur, both which ought to be done at the ſame mo- 

ment of time, or as neer together as may be; The Firſt, Is to find 

the Eorizontal diſtance of the Sun from the Pole of rhe Plam + And 

iscalled, the Hor:zontal Diftance. The other is of the Sun's Attitude, 
thereby to find his Azimnth. : | | 


1. For the Horizontai Diſtance. 


Let PQRS be an Upright Plain, whole Dechnatzes is required: 
Firſt, By help of a Leve/, or by your Quagrani, draw an Hors zontal 
Lyne upon the Plain, as the Line T V, unto which apply-one fide of a 
Quadrant, 1o that the Limbot the Q::42drant may be towards :the Sun ; 
Th=n holding a Thr:4 and Plummec: at full liberty by the Lembs /ide , 
ſo that the ſhadow of the Thrid may paſs, both through the Center gnd 
the Limb of the Quadraut + And obſerve then what number of De- 
grees are cut off by the ſbadow ot the Thrid, and number them from 
that ſide of the Quadran that ſtandeth ſquare (or Perpendicular) 
to the Plain; for thoſe Degrees are the Horizomal Diftance re- 
quired. 


2. For the Sun's Alticude: 


At the ſame inſtant of time that you obſerved the Horizontal De. 
flance, the Su#'s Altitude ſhould haye beenobſerved alſo, which could 
not be done but by two Obſervers ; wherefore, let them: be obſerved 25 
neer together as may be. 

To take the A/tztude of the'Sww, you muſt take the Quadrant in 
both your hands, laying your right hand ſomewhat neer that fide that 
hath rhe Sights, and your left hand rowards the other fide, by which 
means you may let it ſlip lower, or raiſe it higher, as pccaſion requires, 
Then turning the left ſide of your body to the Sun, moveths Quadrant 
- droge till the Sun ſhining through that” S7ghs which is 'next the 

enter of the Quadrant, do caſt his or Beam of Light upon the 
hole 


/P\L' A IN 


(2) As the Sine of 30 deg.” 38 _— aka - 9->70719 | 
is to the Sine of the half Sum) 82—44p———-——— 9996529 
$9: is the Sine of rhe difference 10 d. 42 m.—— I 9—268733 


19265262 
to this SiIN———— nga —— g;;o066 
To which add the Radius, or the Sine of go deg —i C<—9200000 


i 


« . "Fe Sum is — - 19558068 
- Half this Sum is——— —— 9779099 
I, 


Which is the Sine of 36 d.g$ m.the Complement whereof is 5; d.z m. 
the double whereof is 106 d. 4 m. which 1s the Sun's Azimuth, or di- 
ſtance from the North part of the Meridian-and this 106 d.g m. being ta- 
ken from 180 d.leaveth 73 d.56.m. for the Azimuth from the South payt 
of the Meridian. And according to either of theſe ways you may find 
the Sun's Azimuth at any time of the day,and in any part of the World. 


EB — 
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Of the Declination and Reclination of Plains , and how to find 7 
their quantities. 3 


the foregoing Chapter,we now come to ſhew how to find the | 


\W Hat a Declining and Reclining Plain is , we have defined in 4 


\ 5 ara their Decl;nation or Reclination. ——Now, a © 
Declining Plain is ink repreſented. by the fide Wall of a Church, * 
Houſe, or other wm Edifice or Building, which doth not direQly | 
behold the true Eaft, + North or South points of the Horizon : And 
a Reclining Plain is beſt repreſented by the Outſide of the 7:/cing of } 
the Roof a Church, Houſe, Coaping of a Wall, &c. | 


Definition 1.]a. y Ow, The Reclination of a Plain, Is the quamity. | 
I N ihe: Arch of that Vertical Circle , which paſſeth | 


through the Zenith, and cutteth the Reclining 
Plain at Right Angles. 


Definition 2.]* EF * He Declination of a Plain , Is the quantity of that 

| Arch of the Horizon, which # comprebended be- 
tween the true North'or South points , and a Line drawn Perpendicular 
tothe Plain. Or, 


It u the quantity of that Arch of the Horizon, which # intercepted 
between the true Faſt or Weſt points, and the Plain it (elf 


I. How to find the Reclination of a Plain. 


Prattice. | Bg. ABCD being the Roof of the Building P L RK, re- 
% P 


reſent a Reclining Plain. Firſt, Draw thereon an Hori- 
zontal Lineas EF, which you may do by help of an ordinary Level, 


of 


DIALLING. 


or by applying a Rs/er to the Plain, and letring-one hold the Ruler ſo 
tothe Plary, till you find, by the edge of us Quadrant ro the 
Raler, the Line and Plummet to fall juſt upon the edge thereof, 'as in 
the Figure : Then draw a Line by the fide- of- the Ruler, as E F, 
and thar ſhall. be the FHorezzontal Line of the Reclining Pla 
ASS 


Sant  Fadpd wl 
leg. ble W PafLs 


N' 
ny , 
F_ 
the EoYzzonmur us: | 1 
iscalled, the Hor: zZontat Diftance, The other is of the Sun's ARrtude, 


thereby to find his Azimnith. 


1. For the Horizontai Diſtance. 


Let PQRS be an Upright Plain, whole Dechnatzes is required: 
Firſt, By help of a Leve/, or by your Quadgrani, draw an Hors zontal 
Lyne upon the Plarn, as the Line T V, unto which apply-one fide of a 
Quadrant, fo that the Limb ot the Q::2drant may be towardsthe Sus ; 
Th=n holding a Thr:4 and Plummet at full liberty by the Lembs ſide , 
ſo that the ſhadow of the Thrid may paſs, both through the Ce#ter gnd 
the Limb of the Quadraut > And obſerve then what number of De- 
grees are cut off by the ſhadow of the Thrid, and number them from 
that ſide of the Quadran that ſtandeth ſquare (or P drcular) 
to the Plain; for thoſe Degrees are the Horizomal Dueftance re- 


quired. 
2. For the Sun's Altitude: 


At the ſame inſtant of time that you obſerved the Horizontal Dr. 
flance, the Sun's Akitude ſhould haye beenrobſerved alſo, which could 
not be done but by two Obſervers ; wherefore, let them:be obſerved as 
neer together as may be. | 

To take the A/t:tude of the' Sww, you muſt take the Quadrant in 
both your hands, laying your. right hand ſomewhat neer that fide that 
hath rhe Sights, and your left hand rowards the other fide, by which 
means you may let it "= lower, or raiſe it gh, as Pcca vires, 
Then turning the left ſide of your body to the Sun, moveths Quadrant 
EIA till the Sun ſhining through that S;ght which is next the 

enter of the Quadrant, do caſt his or Beam of” Light upon the 
| hole 
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(2) As the Sine of 30 ws lr I - 2-5 RE . - 9--707196 
- -M:. - — TN” 
So is the Sine of the difference 10 d. 42 M.——— 9—2687zz 
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19—265262 
IS Chis Sinner tr rr rr nmr mn_ 9—5 58066 
To which add the Radius, or the Sine of go deg — [ C-—200006 


| — p 


. *Fhe Sum is — 19558066 |. 
- Half this Sum ig——— 9779097 


Which is the Sine of 36 d.;8 m.the Complement whereof is 5; d,z m, 
the double whereof is 106 d: 4 m. which 1s the Sun's Azimuth, or di- 
ſtance from the North part of the Meridian-and this 106 d.4 m. being ta- 
ken from 180 d.leaveth 73 d.56.m. for the Az:muth from the South payt 
of the Meridian. And according to either of theſe ways you may find 
the Sun's Azimuth atany time of the day,and in any part of the World. 
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Of the Declination and Reclination of Plains , and how to find 


their quantities. 3 
\ \ FT Hat a Declining and Reclining Plain is , we have defined in 2 


the foregoing Chapter,we now come to ſhew how to find the 2} 


zany their Dech;nation or Reclination. —— Now, a | 
Declining Plain is repreſented. by the fide Wall of a Church, :: 
Houſe, or other uPrig t Edrfice or Building, which doth not direatly 
behold the true Eaſt, Weſt, North or South points of the Horizow : And © 
a Reclining Plain is beſt repreſented by the Outſide of the 7i/cing of Þ 
the Roof a Church, Houſe, Coaping of a Wal}, &c. | 


Definition 1.]Jqa y Ow, The Reclination of a Plain, Is the quamity of. | 
F N the: Arch of that Vertical Circle , which paſſeth 
through the Tenith, and cutteth the Reclining 

Plain at Right Angles. 


Definition 2.] © He Declination of a Plain , Is the quantity of that 

Arch of the Horizon, which #s comprehended be- 
tween the true North'or South points , and a Line drawn Perpendicular 
to the Plain. Or, 


It u the quantity of that Arch of the Horizon, which intercepted 
between the true Faſt or Weſt points, and the Plain it (elf. 


I. How to find the Reclination of a Plain. 


Proffice.Y BE ABCD being the Roof of the Building PL RK, re- 
$ Pp 


reſent a Recliwming Plain. Firſt, Draw thereon an Hori- 


zontal Lineas EF, which you may do by help of an ordinary Level, 


or 


DIALLING. 


or by applying a Rs/er to the Plain, and letringrone hold the Ruler {6 
tothe Plan, till you find, by the edge''of '# Quadrant re the 
Ruler, the Line and Plummet to fall juſt upon the. edge't /23 in 
the Figure : Then draw a Line by the ſide of- the Xnler, as E F, 
and that ſhall be the FHor;zontal Line of the Reclining Plain 
ABCD. | 

To this Horizontal Line E F, draw another Line Synaxe (or at Right 
Angles) thereunto, as the Line GH ; ro which Line apply the fide of 
a Ruler M N, and towards that end which hangeth over the Plain, 
as alt N, apply the ſide of a (Quadrant lettang, the Plummet hang at 
free liberty, to play by the ſide of the Qnadropt ,- and when it reſteth, 
note what degrees of the Qyadrant the thrid falleth upon , for thoſe 
degrees are the quantity of the Pla; ws Rechnation, 


To find the Declination of 4 Plain. 


N taking the Decl/ination of a Plain, Two Obſervations are to be 

[| made by the Sun, both which ought to be done at the ſame mo- 

ment of time, or as neer together as may be; The Firſt, Is to find 

the Eorizontal d:ſtance of the Sun from the Pole of the Plar + And 

iscalled, the Hor: zontat Diffance. The orher is of the Sun's ARitude, 
thereby to find his Az:imnth. | Dy 


1. For the Horizontai Diſtance. 
Let PQRS bean Upright Plain, whole Declinatjes is required: 


Firſt, By help of a Leve/, or by your Quagrani, draw an Hor: zomtal 
Lene upon the Plarn, as the Line T V, unto which apply one fide of a 
Quadrant, 1o that the Limb of the O::2drant may be romargprhe Sun ; 
Then holding a Thr:d and Plummer at full liberty by the Limbs /ide , 
ſo that the ſhadow of the Thr:4 may paſs, both through the Center gnd 
the Limb of the Quadraut + And obſerve then what number of De- 
grees are cut off by the ſhadow ot the Thrid, and number them from 
that ſide of the Quadran that ſtandeth ſquare (or Perpendicular) 
to the Plain; for thoſe Degrees are the Horizomal Duftance re- 
quired. 


2. For the Sun's Altitude: 


At the ſame inſtant of time that you-obſerved the Horizontal Ds. 
ſtance, the Suv's Altitude ſhould haye beentobſerved alſo, which could 
not be done but by two Obſervers ; wherefore, let them: be obſerved a5 
neer together as may be. | 

To take the A/t:tude of the' Sww, you muſt take the Quadrant in 
both your hands, laying your right hand ſomewhat neer that fide that 
hath rhe Sights, and your left hand rowards the other fide, by which 
means you may let it ſlip lower, or raiſe it higher, as pcca uires, 
Then turning the left ſide of your body to the Sun, moveths Quadrant 
- worhope > till the Sun ſhining through that S;g51 which is 'next the 

enter of the Quadrant, do caſt his or Beam of" Light upon the 
| hole 


28: 


2» PL MUN 
of the other Sight, (the Tbrid and Plummet (all this while) hanging, 
2t free liberty). and then look inthe. Limb of the Quadrant what De- 


grees and part of a degree, the Thrid cutteth ; for thoſe degrees airethe 
degrees of the Sun's Altitade at that time: 


C By help of the Sun's A/titade , the Sun's Azimuth may be 
found. — Then by comparing the Sw1's 4;=muth, and the He- 
rizZontal Diſtance (before found) together, the P/a:rs Declina» 
tion may be obtained, by the Rnles following. 


When you make your Ob&ſerwvaticn of the Suns Foritzontal Diſtance 
from the Perpendicalay of rhe Plain, Mark whether the Shadow of the 
Thread do fall between the Jonth point of the Horrzon, and that ſide of 
the Quadrant which 13 Perpendicular to the Plain. For, 


Rule 1. If the Shaders fall between them, then the Horrzontal Di- 
ftance and Azimuth added together , do make the Declination of the 
Plain : And (in this CaſeJithe Dech:nation of the Pl.us is towards the 
ſame Coaſt whereon the Sun's Azimnth is : That is, 


C lf the Obſervation be made in the Forexcen, when the Sun is Eafl- 
ward of the Mer:d:an , the Plain Declineth Eaſtzward : But 
if the Obſervation be madeinthe Afternoon, when the Sun is Wefl- 
ward of the Meridian, The Plain Declineth J/eſter ly. 


Rule ll. If the Shadow fall not between the South Point , and that 
ſide of the Quadrant which is Perpendicular to the Plain: hen the 
Ty between the Sun's Az:muth and the Forizoxial Diſtance 
is the Dechlinatron of the Plain: And if the Azimuth he the Greates 
of the two, then the Plan Declineth to the ſame Conſt whereon the 
Sun is. That is, 


C It Declineth Eaſtward if it be in the Forexeon, or WWeftward if in 
the Afternoon. | 


But if the Azimuth be Leſſer than the Horizontal Diflrice, then the 
Plain declineth to the Coaſt contrary to that the Sun is on. That is, 


C The Plain declineth Weſt, if the Obſertation be made in the Fore: 
noon : But Eaſt if in the Afternoon. 


«© And here it i to be further Noted , That the Declination of any 


Plain found by theſe Rules, # always accounted from the South ; 
And that all Declinations are accounttd from the North or South 
towa: ds the Eaſt or Weſt, and muſt never exceed 90 deerees. 


+ 11. Thatdorety 1 
1. If the number of degrets' of Declination, do uxdbed FOU 
muſt ſubſira@ ir from 180}, and the reſidue ſhall be the Dechinatith of 
the Plas from the North. © | 
2. If the number of degrees of Declination do exceed 180, then the 
aumber of degrees above 180, gives the Plam, Declination from the 
| North, 


_ oF42mMiWG*== 50 
Neth, and it iv inwrds that Cott einer, Z4f or WHY whit} 


is contrary to the Coaff upon, which the Siiw'was at the time. of Ob-., 


ſervation. , | #h; | 
' For the farther Explabitibs 'of theſe Ruſes (Exanplks Being tiiore 
fatisfaQory than bare Precepts) I ſtall here inſert two Obſervations 
made upon tw ſeveral Plains at the ſame time, V:z. , 


Upon the 2; of Anguft in the Morning, I came tothe Pluin PQRS, 'Figure 
and appiyin my Quadrant thereto, and holding up a Thrid and Plym-. 
met by the {ide thereof, I found the Horizontai Dyſtapce tobe 6; oof 
equal to the Angle 6 ac inthe Quadrant. —— At the ſame time (45 near- 
as could) I went to the other Plain K LO X , and: thereto 2pplied - 
my © mfr as in the Figure, and found the Hor;zontal Diftance to 
be 17 deg. In the mean time that I was taking the two Horizontal Dj-" 
ftaxces, an Aſſiſtant obſeryedthe Sun'szA/tgtyde;, trom whence I com- 
puted the Sun's Azimurh,and found the Azimutho be 68 deg. Eaſter ly 
of the South. | | ©. 

' Having theſe Notes of Obſervations, I compute the Declinations as. 
followeth: LA C1). | bs 13:5; A 6 


Firſt , For the P/ain PQRS(in Fig. 3.) upon a pieceof Paper with Figure 
60 deg. of a Scale of Chords,deſcribe upon the Center o, a Semicircle ac 6, [Y 
and becauſe the Horizontal 4iftitmct was br theg ſet 61 deg;upotithe Se-" 
micircle (the ſame way you obſerved the Sun to be from c to 4, and 
draw the Lineo ©), for the Line, of *the Sun's i Azimuth.” Then the 
Sun's Azimuth being 68' deg; Exſtward of the” Solirh,” rake 68 deg." 
and ſet them from 4 Southwatds: to S, *and'draw the Line 08, for the 
Meridian Line. By your Scheme you ee that «the Line of Shadow / 

0 d ©, does not fall between $ (the Fourth point) and's c (the fide of 

the Quadrant which was Pe ndigular to the Plain) therefore. By 

the Second Rule, The dffeddwe/\bttveenthe Suns Azimuth and the 
Horizontal Diſtance, muſt be the Decl/:ination of the Plain: Where- 

fore ſubſirat? br the Hor. 4.” frotn-68 the "Azimut; the difference 

is 7 deg. which is the Plains Dectination: - And” by the ſame Second: 

Rutr | becauſe the ' Azimuth was greate? than the di/Nance z/ the 

Plain dechnes tothe ſamt- Coaſt on which' the Sun was, | namely , 
Eaſtward, it being before Nbon/'' And 16 it doth appear-| by \the\ 
Scheme, for 22: deg. (the Corti lemene of 63 deg; the- Azemarh from 

the South) being ſer-Fa en i4, will. piveE the Eaſt Point, and 

the Line oE, will be the Eaſt and Weſt Line *So-that by your Scheme. 
alſo.you may fee thatche Plainlies'open tothe South and the Eaft, and 
the Quantity of Declinationis'the-Avch'S G' or-R:4,' either. of which : 
are 7 de Nolte s WORh, 96.3. 15h 


% -- bY _ \ . . . 
: "a k : 1: 


»[Secondly;For the Plain K L'O X(in F:g.7.)upon a piece of Paper with 1F; 

69 deg, of the Sealer of Chorar, nels Carts adeſcribes 7 edt 7 s F P 
m p'#, and -btcuuſe the Hor: 20014 Diſtance was't 7 deg. fet'17 deg. * 
upon:the Serlivirclevas you found it robe by Obſervation , from pro \ 

þ, drawing the Line r © for the int ofatw'Swiy: Arimark, then the 
Azimuth being 68 deg. from the South Eaſterly, ſet 68 deg, a cd 
TAHS I rom 


PLAIN 


from &to S, and draw r 5 for the Meridian Line, and ſet 22 deg. (tha 

lement of the Sun's Aximuth to go) from 5 towards the Eaſt, ar 
E, and draw the Line + E for the Azimuth of Eff. Now by the 
Scheme you ſee, that the Line of Shadow falls between the South poing 
and rp, the fide of the Quadraw which- was. perpendicular to the 
Plain ; therefore, By the Firſt Rule, the Hor: Sontal diftance and 
Azimuth added together , do make the Decl/ination of the Plags:. 
Wherefore 68 the Frimurh and 17 the Horizontal diſtance , added, 
do make 85 d. for the Declination. of: the Tlain ;. and by the ſame 
firſt Rule, the Declination s Eaſterly, it being towards the ſame. 
Coaſt that the Sun was on : And ſo ir appears to do By your Scheme 
alſo, the Plain beholding the South and the Eaſt, The North and We 
falling behind the Plain. | 


CHAP. VIL. 


How to know which of the Poles , whether the North or South, 
is to be Elevated above any Dial Plain ; whether Dirc&. or 
Reclining , or both Recluung and Declining. 


L—_—_ 


He Ax or Stile of every. Dial lies Parallel to the Axis of the 
World, and. therefore the two ends of the. $7z/e of every Dial 
do direQly reſpe&t the two Poles of the World + And theres 

fore, If the Sours Pole be, elevated-upon any Dial Plain, a Dial 
made on the backſide of that Plain, will have the, North Pole Ele- 
vated : And hereafter, that no doubt may-ariſe conecerning which Pole 
muſt be Elevated above any P/azn ; take theſe few <4 


General. Rules. 


1. Upon the Horizontal Plain, in-North Latitude, the North Pole, 
but in South Latitude the South Pole is Elevated... FOTO 
2. Upon all Ere? Plains,whether Dire} or Declining - If the Plaiy 
lie open to the South , the Sourh Pole is Elevated; 'but- if it behold the 
North, the North Pole muſt be Elevated. | 


5 Den al Dine Ef uri Slaiy « Rechiing how fo ſoever) 
e 


the North Pole is Elevated, and upon the Eaft and Incliners,- op- 


polite to them, the Sourb Pole. Vis 
. 4: SER — Plains (whether Daivreft or-Declining) 

the North Pole is Elevated, and over the Inclining Plarys 

them, the South Pole. Y x Oppalitots 


Laſtly, Over all South Reclining Plains, whether Dire& or Declining 
If tbe Þ lain paſs between the Zenithyand3he Pole] the Axis-of the 
Stile muſt have reſpe@ to the Sowh Pole; and on' the Inclining 
Plains, oppates to them, the North Pole, —Þar,. [If the Plain paſs 
between the Horizon. aaa 4he-Pole] the North Pole, and on the: Is- 
ckners oppolitetothem, the Sowrh Pole, " 


CHAP. 


c j-? pad L_ oy” & 
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PLAIN 


htoS, and draw r'S for the Meridian Line, and ſet 22 deg. (tha 
on ement of the Sun's Aximuth to go) from 5 rowards the Eaſt, 
E, and draw the Line FE for the Azimuth of Eaſt, Now by the 
Scheme you ſee, that the Line of Shadorw falls between the South pong 
and rp, the fide of the Quadrant which- was. perpendicular to the 
Plain ; therefore, By the Firſt Rule, the Hors zontal diſtance and. 
Azimuth added together , do make the Dec/ination of the Plags:. 
Wherefore 68 the y ran and 17 the Horizontal diſtunce , add =q 
do make $5 d. for the Declination. of: the THain ;- and by the ſame 
firſt Rule, the Declination s Eafterly, it being towards the (ame. 
Coaft that the Sun was on : Ando ir appears to do by, your Scheme. 
alſo, the Plain beholding the South and the Eaſt, The North and Weſt 
falling behind the Plain. | 


A— 


CHAP. VIIL 


How to know which of the Poles , whether the North or South, 
is to be Elevated above any Dial Plain; whether Dire. or 
Reclining , or both Reclining and Declining. 


D——_— 


He Ax# or Stile of every. Dial lies Parallel tothe. Fxi of the 
World, and therefore the two ends of the. $:/e of every Dial 
do dire@ly reſpe&t the two Poles of the World + And theres 

fore, If the Sour6 Pole be, elevated upon any Dial Plain, a Dial 
made on the backſide of that Plain, will have the, North Pole Ele 
vated : And hereafter, that no doubt may-ariſe conecrning which Pole 
muſt be Elevated above any P/azn ; take theſe few | 


General Rules. 


r. Upon the Horizontal Plain, in North Latiiude, the North Pole, 
but ” —_—_——— freer. why fo pay 7 "RT Rr es” 
2. Upon all Zret? Trarms,whether Diret}.or Beckning - If the Phary 
lie tothe South , the Sourh Pole is Elevated; but- if it beho 
North, the oy wo _ ol Phns | aſs oe _ 
3. Upon all Diret Eaft or Weft Plains, Reclining-(how far ſoever) 
the North Pole is Elevated, and upon the Eaft an 'W lecliwvers.- 
polite to them, the Sourh Pole. _ no / CÞ8 
ve er Pale Blereeed, and ever tn being Fg nga) 
the th rote 1s ated, and over the inins Pla; 
them, To, South mom TOA "my ERIE) oo 
Laſtly, Over all South Reclining Plains, whether Dire# or Declinis 
[ If the Plain paſs between the Zenith:and 3 he Pole} the Ako the 
St:le muſt have reſpe@ to the Soueh Pole; and onthe Inching 
Plains, to them, the Noy7b Pole, —Bat,. [ If the Plain paſs 
between the Horizon, anal 4he-Pole] the North Pole; and on the: In- 
ckners oppolitetothem, the Pol, $3:ts 
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To Draw. ehe Hour Lines CD TAEY ( contoly En 


FROIONES ) Plain. 


TL. From the Projettion, ” 
Fw Driw' a right Line NS, for the Meridian, and Howr ma 


| 


and croſs it with another E W, far the Hour Line of Six, at 

Angles in Z ; And. upon Z , as a Center, deſcribe a 
ENWS, repreſenting the Horizon of "London, whoſe Latitude is 5 
32m. and alſo this D:al Plain. Within this Circle Projef? the Yer 
according to your Latitude, as is before 97 opt _ the 
Hour Circles touching the Plain of the jve! ya. Points £0 
ny the Hour Lines upon your Dial Plain a Ruler laid to 

Z, and every of the Points 1,2, 3, &c. phe As .. Where the Hour 

Circles touch the Horizon, if you draw ſtraight Lings thereby, they ſhall 
be the true Hour Lines for.your, Kerticak, bi ay ) Dial. 


For the making of an Horizout din; is , 
to be known, but the Latitude cede of tho Fats equal to. nee 7 


of the! be ; whetefote +32 Min. out 
of Chords, and ſet them upon the yy ior from'$ to 


Line Z A for the Sts/e. e Subſtile (upon which the oh rho tr 
in all Horizontal Dials is the Meridian or Hour Line of I2 5 and fo 
is the Dial ———_— 


b- 1211 @ CEN, | 
pL \ Trigonometrical Calculetion. 6 | 
| MI | T a:t Jo 27 
There: is not eired to be” found in this Dial: by Calctilarion, 
excopting the aces on we Oy __ WR! prey 
TENOR 1697 007 * 
| hath Sn pes. ite \ ed noif25id; | 
ls to the Sine of the nat ads drablodad, dad'y- rs] 
 $ois the Tangent of each inodtial Diftanes from the Merid. 
To the Tem fa How i ? wpan the, Plain, .. 


© Wherefors,. the (Hours from 
Noon in the 7 lene pep s Tab, and phevd the F .proper to 
ſoon bn he Il Column (allow ing v4 deg. to one Hour, 30 deg. 


to 2 = Tt as you fea hate) Yona: FIR work NR POOGaEIeR 6s 


% 


- To the Sine of the Latitude 5x 4 tnin. ad 
Sois the Tangent of. xx deg; a+ ; EquinoRtial Diſtance, | 


'Y" 


= | 
Tothe Tangent of 1x deg, 51 m, the firſt Hours Diſtance on the Plain, 9. LISTING 


And 


» 


$SELAIN, 


and. going thus for every Hours 
"EquinoQial Diſtance, you ſhall pro- 
duce ſuch Hour Diſtances as you: 
., in- the zthindi Colomn of i the Tables 
Which Diſtances being taken out-of 
a Line of Chords , and ſet upon the 
Plain, from $S, will give the Points 
' «I, 2, 33 Oc. rt, 10, 9, Gc. as before; 
. for between S and 11 or 1, you ſhall 
- find'rr deg. 51 m. fromSto'100r 2, 
24 dep. 19 m. &c. | Y 
And thus have you-two ways, 
| ' viz. A Geometrical or Projettive 
way; and” an Avithmetical or Cak 


cutatory way to make your Dial, demonſtrating one another. And 
in this order I ſhall proceed with all other Plains. | 


 _JCHAP. X. 


How ta Deſeribe the Hour Lines zp0x . au Ereft dire Souls 
or 0 -Plain. v9 oily TOSTIAEG roy) Firep. 5) + 2< 
211 hd, 447 (fit 1 


d z £ « 
\ ' p ns. woe” 
Is #\ « 203 YE | 


. ' & i di? DRIY 4 
x 5 % ' * % oats | % A X 2 = I's. F 
ine 1: 10.2005 We TER.” > OY 


n(8t a;7 TH "1111 1 


Aving drawn a right Line N S for the Meridian or Line of 12, 


and another at right Angles thereto. as E'W for the Hor: zog- 
tal Line of the Plain, crofling each other in the point 7. 


bt Plains are ve- 
w an' Fret dire 

 Heimub 
"EtOW, 


91:10 


{129 


lm ie Xl, 
Plain at Right Ang: N g4n Red Ale 


of Eaſtand Weſt, t imuth of North 
and Soith ; ſo that N is the Pole of the North fur of this P1244 


nd$.of the South Face, either of which Poles arg. remay , 
Fe the Plain; anda Linedrawn pF Pok tothe ec hogn) pn 
the Pl1:n at Right Angles in Z. | *. 
1 3140 27:10 1.051 $413 G3 1, 3T 30 1032s 4 e 
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The next thing to be found is the Elevation of the Pole of the World 
above the Plain. Now |'2hr Eveawac ton of: the Pole above all dive? 
Plains, is an Arch of the Meridian Ee between the Pole and 


the Plain,” and never excaedeith go degi>] i:Now P, the Pole of the 
World, isclevated-above this Phid E W, the-quantiry of the Arch of 
the Meridian Z P.; . To find the quantity: whereof, Take rhe diſtance 
Z P in your Compaſſes, and meaſure CINEIED Scalo of Half Tan- 
gents, and you thall find it to contain 58 dey. 28 min. equal to'the Com- 
plement of the Latitude, and ſo.it ought to be. ,Or,/ if. you have 
not a Scale of Half Tangemts, your may find .it thus © Lay ai'Ruler to 
E andP, it willcut the Circle in a, the diſtance between W and a, mea» 
ſured upon the Chords will be found 38 deg-28 min. as before. | 
The Third thing to be found is the Hour«diſtances upon the Plain : 
To do which, | 4772: +27 $d4- a P 

Lay a Ruler to N ( the Pole'of the Plain) and to 1he ſeveral 'Points 
I, Z, 3» c. 11,10, 9, &c. wherethe hour Circles of the Projet#ion do 
cut the Plain, and where the .Ruler curs: the Primitive Circk, make 
{mall marks, or > ,. So Lines drawn from the Center Z, through 
thoſe marks or-* 6, ſhall be-the true Honr-/ines upon your Dial Plain. 

The height of the Pole above the Plain being found to be 38d. 28 m. 
take thoſe degrees from a Scale of Chords, and 'ſet them fromsS to B, 
and draw a Line Z B for the 87z/e, which muſt ſtand upon the Meridian, 
and on the South face muſt point downwards to the South Pole, and 
on the North face upwards to the Noxtb Pole ; as may be feen Figure 11, 
and Figare 11I. ; | 


IL By Trigonometrical C alcalatior. 
There is nb more of Calcalation'in this Dial, than there was in the 


Horizontal , namely the Hour- dis / 
ſtances upon the Plain : For in theſe j— 
Fam fr 


dire& North and South Dials, the " JEquinottial; Hour Di- 
Complement of the Latituge is eyer-, om Diſtances. | ſtances on 
more the height of the Pole abvyg | * Noon? | rhe Plain, 
the Plain, as appears by the Proje- D. D. M. 

Ron : Wherefore, prepare ,« 'Table Aut Q , GO 
(as in the former Dial) and then 5 9 28 
the Analogie or Proportion for the $0 19 45 

Hour diſtances will be .this, little . 31.45 Zi F3 
—_ from the former, only' in- +47] 60 47 8B 
ſtead of Latitude, uſe Co-Latitude. o 66 42 
So, | I 1-68 


O 


0000000|Z2 


go © 


As to the Radius, go deg. L Mas? .9 | 
To the Co-Sineof the Latitude (or height of the 


10.00000 
Pole abovethe Plain) 3z$ deg. 28 min. ' Fj—— 979383 


Soisthe Tangent of 1 5 deg. the firſt Hour Fquin. diſtance 9.42805 
To 9g & 28 m. the firſt Hours diſtance upon the Plain. 19.22.1788 
'K : 1:5; hn 


\PLATN 
For the North Dial.  -- ': Srad 


r. Upon the Dial Plain, draw an obſcure down-right Line NS, ye 
preſenting the Meridian, or 12 a Clock at Midninght.— About" the 
middle thereof, as at Z, draw a right Line perpendicular thereunts, ag 
the Line E Z W for the Hour-line of VI. [100 17% 20 

2. With 60 deg, of your Chord deſcribe upon the Centre 7; the 
Circle EN W S, and taking 38 "eg: Zo min. out of the Line of 
Chords, ſet them from N to A, and draw the Line 7 A for the $:z/« of 
your Dial. SK 

Now becauſe this Dial looketh towards the North part of the. Mevr4- 

dian, to which in theſe middle Latitudes without the 7ropicks, the 
Sun never cometh, therefore muſt the Hours about Midnight be 
omitted, as 9g, 10, 11 and 12 at Night, and 1, z and z in the Morn- 
ing: So rhat this D-a# is capable only of the Hours of 4, 5, 6, 7, 
and $ in the Morning, and of 4, 5, 6, 7, and$ in the Evening; 

3. Lay the former Table made for the $0n7h Z)284-before you, and 
there you ſhall find that the Hour-diſtances of VIIL and 1V of the Clock; 
are diſtant from the Meridian 47-deg.'9\min. [Take 47 deg. 9 min. 
from your Chord, and ſet them from, N.to $, and from N to 4; and 
alſo fromSto$8, and from S to 4. Alſo ſecing that the Hour.diſtances 
of VII and V are different from the Mer:d:an 66 deg. 42 min. take them 
alſo out of your Line of Chords, and ſetthem from-N to 7, and from 
N to 5, and alſo trom S ro 7, and from Sto 5. 1H 916-4 bas 

Laſtly, The $::/e of the Dial muſt make an Angle of 38 deg. 29 min, 
equal to the Complement of the Latitude, and muſt ſtand upon the ob- 
ſcure Hour-line of 12 at Night, and muſt point upwards towards the 
North Pole, as the South Dials did, downwards towards the Sogth. 
Pole. And ſohave you finiſhed your Dial. = 
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To deſrite Hour Lines, pon an Etect Direct” Eaſt br Wet 
Plain. - . 008 


CIT 
# - 


1 


4 . D C\ 
WES 


S an Ere& Dire& North or South Plain, Ties in the Azimuth 
Circle of Eaſt and We 5 olgg is, repreſented ypon; the Pro- 
jeftion by the Line E W. Fig, e.N and$; 

So an Ere& Dire&t Eaſt or Weſt 
North and South; and fo the Plain is repreſented upon the ProjetFion 


. the Poles thefeof were.N and; 
ain , lies in the Azimuth Circle of 


by the LineNS; and the Poles of thoſe Plains are E and W. m; 
Now the Line N S, repreſenting the Plain , paſſeth direQly through 
P, the Pole of the World; and t erelore the PoJe hath no Elevation 
above theſe Plains, and conſequently 'the Dzal- will have no 
Center , but all the Hour Lines will be Paralk4,vne to-the orher : 
and theſe Dials may be drawn according to theſe following Di- 
reQions : X 
The 


DIA-LLINiG. 35; 
The Geometrical C onflruBtion of theſe Dials. 


| Let ABCD be a Dial Plain , upon which you would draw an Fipure 
Faſt or Weſt Dire@ Dial. | | 

1. Upon the point C, at the lowermoſt corner, if it be an Faſt 
Dial, or upon the point D at the other lowermoſt Corner , if it be 
a Weſt Dial, with 60 d. of your Line of- Chords deſcribe an obſcure 
Arch of a Circle E F: tg oem the ſame Line of Chords take 38 
deg. 28 m. the Complement of the Latitude of the Place: (which is alfo 
the Elevation of the Equino@ial above the, Horizon) and ſet that di- 
ſtance upoa the Arch from EtoF, and draw the Lirie C F quitethrough 
the Plain , which Line ſhaall repreſent the EquinoQial Citcle. 

2. That you may the better.*proportion' your Stile to your Plain, 
and that all the Hours may come on, and be at a convenient diſtance 
one from another, aſſume two points in the Equinottial Line, one 
towards the end C, for the hour of 1x in the Eaſt Dial ( or of 1 
inthe Weſt Dial) as the point G, and another towards the other end 
thereof, for the hour of 6, ;as the point K;- and through theſe two 
points, GandH, draw two Lines at right Angles to the EquinoCtial 
Line , tor the. Hour Lines of Xl and VIa Clock. + 

>. pon the point G with '60 d. of the Line of Chords deſcribe. an 
obſcure Arch of a Circle ( below the Equinotial Line) as 1 K, ſetting 
thereon 15 d. of your Line of Chords , —_—_ K, anddraw the ob. 
ſcure Line G K, extending it tilb it cut the r Line of VI in the point 


L ; ſo ſhall the diftance L H be the height of the perpendicular Stile pro- 


portioned to this Plain. CI | | 

4- Open your Compaſſes to 60 d-'of your Line of Chords, ind ſeating 
one foot in the point L; "with the other defcribe an obſcure Arch of 
a Circle MN ; between the Hour Line of 'VI and the Line'G'L; 

5. Divide the Arch M N'into five equal, parts (which r5 d. of your 
Line of Chords will do) at the points ©0099, and lay x Ruler from 
L, to each of theſe points ©©©00909, and the Ruler ſhall cut the Equi- 
noctial Line CH in the points x, through which points draw right 
Lines parallel to the Hour-line of VI, as the Lines Vil * VII, VIII 
* VIII, IX IX, X * X, and they fhall be the true Hour-lines of ar 
Eaſt Plain, from Six in the Morning to Eleven before Noon. 

6. For the Hour-lines before VI, ora of IV and V in the Morning, 
you may put them on by transferring the ſame Diſtances upon the 
EquinoGial Line before VI, as there is between VI, and the Hour-lines 
of VII and VIII after VI, and through thoſe points draw Lines parallel 
to the Hour-line of VI, and they ſhall be the Hour-lines of 1V and V in 
the Morning. | 

7. For the Stile of theſe Eaſt or Weſt Dials, it may be either a ſtrait 
Pin or Wire pointed, of the juſt lengh of the Line H L, fixed in the 

oint H, or ſome other part of the Line of 'VI perpendicularly to the 
Plain, which will ſhew the true hour _ by the ſhadow of the very 
top thereof, as in the Weſt Dial Figure V.—— Or, ( which is better) 
it may be a Plate of Braſs or lron, of the ſame breadth as is the diſtance 
between the Hour-lines of VI and IX upon the EquinoQiial, as in the 
Faſt Dial Figure IV ; which Plate muſt be fer perpendicularly upon the 
Hour- 


LL A DN. | 1 

Hour-line of VI, which ſhall thew the hour by the ſhadow of the upper 
edge thereof: \ and fois. your Dial finiſhed... ard 

8. If you would inſert the halfs and quarters of hours into theſe Dials, 
you may: cafily effe@ it, by dividing each ſpace between, © and © on 
- the Arc , into four equal parts, and ſo transferring them, to the, 
Equinodial Circle, as Fg did the whole hours. All which may be 
plainly, Jeef in Figure Y, | 4. | 

1n the rhaking of this Dial you haye made two Dials, namely, a Weſt 
Dial as well as ani Eaſt, for it is the ſame in all reſpects as to the Hour 
diſtances and. height of the ,Stile, ——, Qnly wheras the Arch E Fin 
the Faſt Dial (through which the Equinectial paſſeth ) was deſcribed 
on the right hand of the Plain, upon the Centre C; In the Weſt Dial 
it muſt be deſcribed on the left hand; upon the Centre D: and the 
Hour-lines of IV, V, VI, VII, VIE, I% and XI in the Fofenoon on 
the Eaſt Dial, muſt be VIH, VII, VI, V, 1V, 11, 11 and I in: the Aﬀter- 
noon, on the Weſt Dial: as the Figures IV and V do evidence, 


p 


| a 


i th ; EIS 
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How to draw the Hoiut-Lines upon an Ere& North or South 
Plain declining Eaſt ar Weſt. | 


L11Q907L. 1 o 70 
I. By Projection, 


South Weſtward zo degrees. 


()* Example ſhall be of an Upright Plain, declining from the 
Firſt, Draw a "ga Loe A B, repreſenting your Declining 


Plain, croſſing it with another Right Line C D, at Right Angles in 7 
making 2. forthe Zenith of the Place, and Centre of your Gaal ; 2 
upon P 1cferibe a Circle AB CD,+— Then from C, towards B ( be. 
cauſe the Plain declineth Weſtward, or from C towards A, ifit had de. 
clined Eaſtward ) ſet 30 deg. the Declination o your Plain, from C 
to N, and draw. the Line N Z'S, for the Meridian of the Place, upon 
whicki, from Z toP ſet off the Pole of the World, and-finiſh your Þro. 
Jjeftios: as is before taught. _ 

Secondly, Your Projettion being finiſhed, A B being the Line repre- 
ſenting the Plain, the points C and D are the Poles thereof, they being 
go deg. diſtant from Aand B—— And now you have three points gi 
ven, namely, C, Þ and D, through which: three points ( by the __ 
Problem of the Iniroduf#ton, draw an Arch of the Circle CPRD, 
whoſe Centre will always fall in the Line of the Plain A B, it bein 
extended : This Circle is an Arch of a Meridian or Hour C:rcle, 
ling through P, the Pole of the World, and C and D the Poles of the 
P11in, and cutteth the Plain AB at Right Angles in R, and is therefore 
called the Meridian of the Plain. The Pole of this Circle muſt next 
be found, and that may be done in this manner. Lay a Ruler from D 
to R, it will cut the Primitiye Circle in a, then take, always, 9o deg. of 
your Chord (becauſe, the Poles of all Great Circles of the Sphere 
are go deg, diſtant from. the Greles themſelves \ and ſet them from 


atoe, 


_ DIALLIENG 
atoe, —— i _ Po the toe, it will cut the Line of the 
Plain 1n o is ) the ro the les 
Thirdly, Ihe Sphere being” Jetted, - -an NEON and Circles re- 


lating to this Plain drawn upon th he Pro 1 ore ere The . 
to: be. found beforg you can more 6: Fo) 158 Fg TÞ a re 


things are alt compriſed in the lie Ag we} Ein iT 
three things to be. fognd, os Ps SO þ r ”_ 


'J $5 is LY 


1; The brifihto 7 Pole ahi Dt nz 
angle” by thy Nl Gle'P R', | 


found Lay 4 Rifer upo OY Ea 


anJ P; Fri ole of the 'W 
Arch B h meaſured pon FO Te Gr Kea © Ek to 


;2 deg. 34 min. and "fo much, i & Pale of t e: World levated 
2bovs he Plain AB: Wk W Y W Ns F 

2. The ſecond thing to bo ih is the De hexton, or t be JWf Wes 

-  diſtmnee from the Meridian þ An Phe, ET oþ 

-— "Triangle by the fide,Z R,.agd.m = 

* . Ruler upon, D, the Pole. of Net Pla <5 hy Ae pom it ——— 

- Circle in 4, Me diſtance 2 c meaſured upon the Chords will 

, give 21 F..” o min. for the de Z R,> which is the: Sd8fuVes dr 

ance { ws. - Mer1dian:>: Qry'The LineiznR: .meaſurediiapor 
the Scale of Half Tangents; will give2 1 deg. 40 min, alſoyiis!* 

3. The _ bs to be found is, The Plains Py errnce of Longi. 


tude : e dng/e dg; Vo inte Miridranfitbe PDlaﬀtilN Z S, 


and Ny _— of th X 1 C ge D, and is repreſented in the 
Trian An 4quaniti eredf- 

thus -_ Laya Ruler upon yay of the Worls 
and V, - the Poiht where'the C ay R'D crofferh the/Equigo- 
Ria), and it wYEcur 'the' Proaitivs CObeh "in &; the: "Uiliince 
$ + meaſured od 2 Scate-vf-Chots, will tive z5 deg. 26 min. 
tor the Plains Difterence of Longitude, te 


And now for the drawing &f tlie Hour Lines; TSA" Router to PLL Ng 
to the ſeveral Points 9, 10, 11, and 1, 2, 3,4, Oc. where the Hour 


Z, Lines draw ads thoſe marks or * * *, ſhall be the true Hour 
Lines belonging to the Declining Plyio, | oft 2A 
A Ruler Jon trom C __, R, will give the Point L, — to draw t the 
Subſtilar Line Ly and-32 deg-76-min. "Jer frony £46 F,: will give 
mp whereby to draw;the er And (o/is ybur Diat Paithet 
From this South Plain-deelining Weſt, a South Diat is alſ#/nkte de- 
cliniag Eaſt 3o deg. turning of the Eaſt (ide to the Weſt fide, and the 
contrary + and by changin Rn = of the Hougs CB 
10 Two, 9 Three; 67.4 Eleven, % The, Or: ene Pour 
in the Weft Dial, being 'the ARE $' in'the be Ye 46n- 
trary : An Example T a North Dial declining Eaſtward 45 = you 
have in Figure VII. 


L II. By 


PLAIN | 


I1. by Tiga ei Calculation. Mo j 


Before by can draw the Dial, you are to, find out the three SE 
mention wiſites, viz. (1.) ” The herght of the Pole above ” 
Plain. (2.) "the Defitxion, or Subſtiles diſtance from the Meridian, 
(3.) The Plains diff, Fence of Longitude: Alt which are Fae of the 
Spherical Triangle * A "Pe, Angled at R:;——, Jla-which there is 
piye, (:.) The fideP Z 38 18 min, equal to the Complement 

f the Latitude of the, Who (2.3 The Angle P ZR, the Comple. 
wh of the Plains Dechnation 60 deg ON The Right Angle at R. 
And by theſe Three thitgs glveh, 50G may 


L The height of the Pole or $ tile above th Plain. 
As the Sigri of go deg. | mere —10, 00000 


Is tothe Sine Complement of the Latic 38 deg, 28 min, — g, 
So isthe Sine Complement of he Plain's declina or 6o d. AL « At: "7 


To the Sine of ,32 as 7 ory = 4 #9673136 
Which' 32 deg. 36:mun. is the height of the Pole or” e Stile, above the 
Plain., -, 


AL 7, be diftance of the Subftite fom the Meridian, 
As the Sineof goidey, >a RY - — 10.00000 


Is to the Sine of the Plains Dechenien 30 deg. —— 9:69897 
_ Soisthe Tangent of the Complement of t *? 
Latitude of the Place 38d. 28. m. ——— 9.90008 


FI 


To the Tangent of 2 deg. 40 min. — 79. 59905 
W hich.z 1 deg.4o min. is the Diſtance of the Subſtile from the Meridian. 


HI. The Plains after of Longitude, 


(y 


As the Sine Complement of the Litirtide 38 deg. 28 min. — = g- 


| tothe Sine of 90 —_ abs 
_ So isthe Sine of the Sub ile's diſtance. Rom 
tho. Meridian 21 ; dege 40 0 Din o—opmoemnm—— * 956736 


7938; 


—— IO0.000C0 


29. 56736 
' F6the Sine'of 36 ge: 2.5 min aa 53 
Which 36. deg. af is The op vamug of. Longitude. 


"PLATN 


e+* O2KH 
" 1} 8h 
II. by trigadoictcal Ca Tos T. 
Before you can draw the Dial, og are to, find out the three {; 
mentioned Requiſites, viz. (1.) height of the be, hroe for 
Plain. (2.) Defltxion, or Subſtiles diſtance from the Meridiag 
.) The Plains difference of Longitude: Alt which are parts of 
Spherical Triangle þ Le. gc hog Ang led at R;—— Jo-which there 
given, (:.) The fid eg. 28 min, equal to, the, Complement 
of the Latitude & the, Place: (2,) The Angle P ZR, the Comple. 
ment of the Plains Dechaation 60 deg; BY The Right Angle at R. 
And by theſe 7hr-e things giveh,' you Ta 


L The height of the Pole or Stile above th Plain. 
As the Sign of go deg. 


__ 0.00000 
' Is tothe Sine Complement of the fagie's i$ min. LAKF pavige = 
So isthe Sine Complement of the Plain's waits 60 d AC + _ - 
To the Sine of 32 deg. a 


Which 32 deg. ;6-min. 1s hors height of the Pole. or” Stile, th 
Plain. 


1L 7, be diftance of the Subflte fom the Meridian, 


As the Sine-of goide. » mn L—— I0.00000 
ee eats 


Is to the Sine of the Plains Declination deg. — 
So is the Tangent of the Complement of F 9:09897 
Latitude of the Place 38d. 28. m. : T— — 9g.yocos 


— —C— 


To the Tangent of 21 deg. 40 min. — 29-5 990g 
W hich. 2 1 deg.40 min. is the Diſtance of the Subſtile fam the Meridian. 


HI. The Plains ſro of Longitude. 


As the Sine Complernent of the Litirtide 38 deg, 28 min. — = g- 


wr tothe Sing of 90 —— F DOE 
_ Soisthe Sine of the 8 Sub ile's diſtance Ds | rang 
tho Meridian 21 | 00s 40 ININ——— _— ? 956736 


79383 


16 the Sine” of 36 tis &+ 2c mp , - rg 
Which 36. deg 250 min. is The Flain's difference of Pains 
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Figure W. 
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DIALLIN 

From the Ptain's difference 7 | 
of Longitude ng lognd, | 
allowing 15 deg. or tne 3 | ' nu fiWeſt +160, EP... 2 
quinoQial fs one Hoiir, and Tre BLEY 39HEeP2 ME-2117 02 
one Degree for tour minttes  |IFrtahcaaft Sub(MeaaVcri.5 
of 'time;;it will tollowg that! / |= trans ne ee be OL en me. 
the Subſtile, of the - Dial pA X WF 
( which is; the Meridian of $4 | 
the Plain) muſt fall between | | 26] PLE 
the Hour Lines of 2 and 3 | - vii fiayaees at;4 Hburdis ,; 
of the Clock in the After- the Equi- ſtances on 
noon, becauſe the Plain de- | »_  S_ | noGtial. | thePlain._ 
clineth Weſtward : for the 
Plain's difference of Longi- 
rude falling between zo and 
45. deg. (namely between 
the ſecond and third Hour's 
Equinodtial diſtance )*there 
will be two compleat Hours, 
and 6 deg. 25 min. more. 
Wherefore, make a Table of 
the Hours fit for the Plain, 
as is here repreſented to the 
Eye : In which, > pb | 
Hour of XIE, ſet the Plain's / 
difference of Longitude *36 
deg. 25 __ ee _ hs "—__ | 
ſubſtra& 15 d. and there'will remain 41 4d. 25 m. which ſet apalaſt the 
Hoorof Xi and, and fipan a1 2p ts RL FR Are 
remain 6 deg. 5 min. which ſet againſt the Hour of .X and 11; _ahd 
( becauſe it is lefs than't5 deg.) writethe word Subfile; and fira& 
6 deg 25: min. from 1 5 deg. then will there remain 8.deg, 25 min, which 
fet above the word Subſt1/z, againſt the hours of 1X and 111, to which 
by the continual addition of, 15 deg. will give you the Equino@iat 
Hour-diſtances of each Hour, as in" the Table. "Whith Table being 
made, the next thing will be | 


IV. To find the Angle that each Hour maleth with the Subſtile, 


Diat-declining, 21ther 40. this Fi 


And for the finding of thoſe Angles, this is the Proportion. | 


IEP” 


As the Sine of go deg. — imrmpmmmrrnmnmnmnm— ent C2000 


Is to the Sine of the height of; the Bale above 
the Plain zz deg. 36 min-— LI PICISELY 

So is the Tangent of the Equinodtial diſtance of. 2 _ 0 ny 
thenext hour tothe Subſtile, wiz. 6d. 25 m. ; bay don 
| To the Tangent of, 3deg. 28 min. ———— jy 
Which z deg, 28 min, is the diſtance of the Tenor Twoa-Clock Hour- 


lines from the Subſtile. So again, 


—_— g-7;40 


AS 


P LAYN 
As the Sine of go deg, —————— _—_ | C—00000 
To the Sine of the Stile's height #2 deg. 36 min. —— 9g—73140 
So the Tangent of the next Equin. iſt. 21 deg. Z5 MIN. — 959354 


To the Tangent of 11 deg, 56 min. — nm Fg 22 
Which 11 d: 56. S 15 he difienin es the Hour Lines of Eleven or Ons 
of the Clock from the Subſtile, And ſo of all the reſt, as in the Ta- 
ble : Which being meaſured upon the Primitive Circle, by help of a Scale 
of Chords, will be found the ſame'as where the Hour Circles of the 
Projeftion did cut the Primitive Circle. | 


4 
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C'H A P. XIIL 


How to draw Hour Lines upor! a South or North Plain, which 
declines many Degrees towards the Eaſt. or Weſt. | 


F a Plain ſhall be found tod.cline many Degrees from the North or 
I South towards either Xaff or Weſt; as, above 60 deg. : Although 
the Regui/ites may be found, and, the N;al-made in all ref 

the former Dial was, in the laſt Chapter, yet by reaſon that the Pole © | 
the World, will have but ſmall efevation above ſuch a Plain, the Hour 
Lines will fall ſo cloſe one ro another, that there will be no compes 
ent diſtance between them, till they be extended very far from the 
eater: And therefore, it was the way of the, Ancients, to draw the 
Dial upon a large. Floor, and extend the Hour Lanes, Stile and Sub- 
ſtite, to a great length, that ſq the Howr Lines. might be of a conve- 
nient diſtance ; and then to cut the Dial off, Strle and all, and fo tranfs 
fer it to the P/a/y. Bur this beigg too Mechanical, 1 will here ſhew 
a, more Artificial way how to draw ſuch a Dial Geometrically, by help 


of a Line of Chords only, having no regard to the Center of the Dial. 
But, Ag | 


I. By Trigonomgtrical Calculation, 


You muſt find the Reguz/ires - Namely, (1.) The hei; ht of the Pole, 
or Stile, above the Plain, (2.) The diſtance of the Jubſtile from the 
Meridian. (3.) The Plains difference of Longitude, 


; | All which may 
be found by the foregoing Analggies, or Proportions, 

Suppoſe therefore, An Upright Plain, in the Latitude of deg. 
32 min;-ſhould dechane from the South Baftw 4rd $5 de. 2 of" 2 
I. For the Stiles height. 

As the- Radius go. deg, ——— = —— A. —— IC—C©Cc00 
Is tothe Co-Sine of the Larirade 48 deg. 4$ min, 


So is' the CoSine-of the | Plains Declination 5 dep. —— = (pf. 


To the Sine of 3 deg. 6 min. the height of the Pole or Stile-#3—73413 
Il. For 


<D IALLING. 
diftance  froms the d Metidinn..” 


the Sine of PIeY oy 5' de ED'S; SAL”: RE, 
ET the i. of the Fane deg. 1 28 min. 4|| 


Mi fo the Tang wit te, 2" ET —+ $6—$0oWYt 
Rex, is W6fl " diſtanet From ttt | 


.T P Fox the Z 


MY; *. 


01 ga! "1; 'ih Io Viſernce rt M1 '7 


As jh Sg of of fs ns $1 deg. 32 min, — 
9 


Is tothe Radius go joey: 299% a Kon) 90) 
.,$o-is the Tangentol -Deninerinn Is be royummms TAI $04 


"To th6 Tulger t of $6 deg, att aud bas TOI. 
p- —_ A Elan " : 1" cage, 'T 13 20 #* 


' Theſe Re outitet 'being thus Rand) you 
of a Table for the Hour Diſtances , in all 


firſt) ſetting Jown the Hours {op the Ply 
a; BE mevainſt X11, 'ſer Hears prin a 
86 deg. 5 min, gw which ſubſtract 1 


eg. 5 min, which ſer againſt XI ang't.” | Alſo fromr 7 '+ min. 
hey Ts deg, rhe remainer will be” 7 min, MAY Nu 
X-and 11; ſo'by the continital pR hug of 1 $\ ou 
find 11 deg. g min, to op againſt Th Lon x iO? Gree 
Subftites 1 ce," and t 


11 deg. nk; being) ſub or ket 
ics $4 will remain ; degs 55 Sita. he ora t'under” C SSBPHLy 


Place, againſt VI; , and then y the pus -w hges | of r5 deg; 
thereto, you ſhall have ſuch Equino@kal ſtances, as the ſecond Co- 
tutmn of the Table afforderh : And then os "the true Hour diſtances 
upon the Plain, ſay 


_— - - 6 


As the Radius go deg, _——— aeniatedat thgd 


To the Sine of the Stiles height z deg. 6: min. —.— 
So is the Tangent of $5 deg, 5 min. the Equi- Fr. 
nottial diſtance of = rr ent : ret ex—th453 
_ To the Tangent of 3; deg. 23 miy;, —— aynk 
hich is the Iance of Xila Cl Clock from the Subſtile upon por HL 
nd fo proceeding with the reſt of the EquinoRial Diſtances, you ſhall 
exhibit ſuch Numbers as the Third Column affordeth., 


D. M. 
South Declin. Weſt _ — $85—co 
Diſtance Subtitile and Meridian - 3922 
Height of the Stile —————_—— z—06 
Plains difference of Longitude ——— ” hong 
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OPFLAIN Ps | 


Hour Dill. on By this Table you may ſee that 
i ry "I MD uh | - the Hint diflandds ubbut. the Sub- 


ſtile ( and indeed all the reſt, ex- 
extrham Hotir'6F:X1þ)do 


_pfall ſo n oEepecs 0 tha 

13h by ThE be*no*comn SE 
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' your Ta Is ded © 
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!. Draw a right Liffe &B $ ogy 2. of "hr Picking 


'10) 4 


gure - gecunery 
VIII. Is tight ha | ft in F 
with þ op 4 Fil Lingof Ear from ] ey my ob: 


iden, and draw the Lane A Der 
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P lacs 4, BOY $14 '', i | | ' 
me Hr oy en! in the he bill ne CD at "m Pl, 
T_—_ ſtance jeach other, as R and S, through thoſe two 
Points draw two tie 2h right Lines, borh of. ed, at Fight Angler ro 
the Sbftzlar-Live A D, gs the Lines ZZ, and XX. 
5. From the Point R, with your Compalles, take the neareſt di 
tothe new Augmented $S/il: GH, and let that diſtance upon the Sub- 
ſtilar-Line from R to K.—— Alſo, From the Poinc S, take the neareſt 


diſtance. to the.new. Augmented Siile G H, and 'ſet that diſtance alſo 


upon the new Subſt: 1ar-Line from S to L. 

6. Upon theſe two Points K' and L, with 60 deg, of the Line of 
Chords, deſcribe two Serwetio cles, and ineither of them ſet off 86 
5 min» the Plains d.ference of Longitude ; as from R to M, and alſo 
frotna $to M;-both of them on theitame ſide of the Subſtrlav. -Line, og. 
which the firſt perpendicular Line A B was drawn. 

4. Divide eirher of the Stymrrrreles laſt drawn into'12 equal parts, 
beginning at the Point M, as the Points © © ©," Br. which 15 deg. of 
the Line of Chords will effec. 

8. Lay a Ruler tb the Point L,and the reſpeRive Points © © ©, g&c. in 
the Semcircle, and the Ruler will cut the Line X K in the Points * * , 
Ge. Alto lay a Ruler to K, and the ſeveral Points © © ©, t6c, and 
the Ruler will cut the Line Z Z.ia the ſeveral Points, XK X, ae: 

Laſtly, Lines drawa from the firſt Point * in the-Line 7 7Z, to the 
firſt Point * in the other Line X R, (which the Subſtiler-Line will di- 


reX 


DFALLIAENG. 
rec; you, how-to do) thoſe Lines & drawn ſhail-be/the-truve Houbihes 
proper þ CENDS and will £44 initho Fighrej/nod bra 
ntdiſtapce one from without havingieiny kt 
alan. te Comer, S1n] oft ot CO) 20004 217 mul Sy 1001} 12k bog 
> Now in the making of this Dial'\you. bave made:fdug Diels, Age. 


- ,z4niod 091 280 roy HE bring) 


ve "W/, wh | 
yh F fork deciing Weſt 21; 9914 L 1 My v9 ) Nin [07 


$ 1o [! 
» A 6: FT kx dochning Ka\ | eds LY - dp 
TH "A Fi declivigg Weſt \P Pegs NS  %o 2:69 wor! 
X th deglining/Fek bn \3 A 903 10. 1i:g borA 
br: £ 1 3s bainnA ww TAN Aon TELL \ 
CO þy chang ; of the amey ofthe Hours, aid plixing: the, Sthde 
on the contrary ide of the Line A B, for the the South dechning Eaſe 
— And by matdlng of the Dial upſide downwards, for the two 
NorthiDecliners ;-o that the: Stiles may poine-tpwartiizd tim! Notth- 
Pole; and the Hours about Midnight omitred , as-Ain'! re former 
Nrth Dial, Figgs Yil. vl F, ts OA wha 0 *WBACY al FT 31 


Ay ny WEE NOI manly offT 11! 
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CHAP: NYT 99 293! 2} 


I 
"NW in ori db 4417 Jo vloT ods bn Aumyof #13: 


How 16. = 3 the Hr Lins eDiuvd Hetwe -Welt R®. 
ing Tl. dd nes 


L By detmledion. KEATIE 


; < [1.4 T0) 3UD / ,103 wax 
| obs dire Weft P hain ſhould Reolinefrom the Z eavrh 35 
G in the Latitude of 54 deg. qzromin,} Av) ih ag hs Pn 
whether Drre# or Declining theo Meridfran bf late, and 
Hour-lide of 12, is always Perpendichtart0 the > ar [Sq 32m) afl 
Dorett Eaſt and Weſt Reclining, or Incltiing Flaim: prhe Mitidian of 
the Place and Howur-line of It, is paralel 'the Haag. 'To imake 
theſe Dials, - com_ ( a Boef.n 4 
_ "Fark, Draw z Right Line N $;r ria you Res Fj 
chang 'Plain, and Hour-line'of 322. Upon 28 dejeribe. un Cale; and Y 
draw the Diameter W E, to cut the Line NS at Right Angles \in Z. : 
Upon Z deſcribe a Circle, und upon thy 'Meari ax rhe NS; Het off 'the 
Pole of the World from Z to P, anſwerable to the Complement of the 
Latitude of the Place, and finiſh your Projet#:on ns hath been already 
taught- 
mo. Becauſe the Plain'Reclines 35 deg. take 15 leh our of a 
Scale of Chords, and ſet it from $ toa, 'a "Ruler iwid 'Nro 2, will 
cut the Vertical Line of the Plain in O,!akd now have you three Poinrs, 
N,' ©, and S, whereby to draw' your ors, On whoſe-Centet 
will always be inthe: Line E W exterided; Or; $5 deg; the Rock nation, 
being :aken out of a'Scale'of HF. _ Tay goes, Yam onion inr'Q as 
betore. The Circle 'N. O'S repreſenting” ths Reclining Plan, being 
drawn, you muſt find its Pote, which may be done Fn this manner : 
Take'go deg. out of the Line of Chords, and ſet them from a to 6, 
a 


, F a , 
TRECTH 


ZAPLYFKNC 


- Ruler laid fromiN to 6; will cue the Vertical Lide WF PApIE i 
bs for:the: Pole of the Rerlining Plom (C or'tts inf _ 
CS deg. being' taken-'out '6f/'4 SBEAEUB Fr Tar 
and ſet from Z, will find the point Q for the Pole of 'tHEPIain'dlfo'y, 
Now having-fourd the Poleogfitbe Plain at Qi and the 
the World at P, you have two Points, viz. P and Q through whi 
you muſt (by the 12 Problerfſ ofthe IntrodniFrony an Arch of a 
Great Circle, which will cut;t Reclining Pltin' i&hz Angles inR ; 
Now part of the Arch” of thik 113Y</e +: Part ef eridian NP; 
And part of the Reclining BNR do eoHiaute 2 Spherical 
Trizngle NR P, Right Angled at R. And out of, this Triangle may 
all the Regui/fey belonging ito THis! Piafmbefob q, which #«Tu6e, 
Dig, UNniio2D 05 3 106t Q A xml ot 10 90h yiillno)d offs ng 

tr 4ot Qebrioeingob »bRqu (210i 907 10. gain! (JJ DnA—— 
I. The! Heaght of the Pofer abovei the> PAX RcptefentalTbjricks 

Arch; P;Rot _ ho nigunbits 120% -/!3 bas 7 9loe 
II. The Diſtance of the Subſithe and Meridian, repreſented by. NR 
111. The Plains difference of Longitude, or the Angle between the 

Merridinn-of the Place, ani The | 


er tk 
LL #844 4 


Firſt, Youmuſt find the Pole of rhe Merid+4an of the Plain, Which 
will always beſwher.oheTircle.N O: $;\depreſedring'cho-Nans, FEY: 
croſs the EquinoQtial Circle, as here it doth at A ; 49: Ss/Aahg of 
the Meridian of the Plain. And now, aberfivje 


1. To find the bright of The NbV+ of Stile above the Plain,] A Ruler 
laid from A to P, will cut the Circle in e, and laid from A to R, it 
will cut. the Circle :ini\c the ditance e.:4. mealured upon'a Sails of 
Chords, will give.26. dog. 41:min: for the Stzles height. \ Si 0h Fo 
' 2. A Ruler. laid from.Q\to:R; will cur the Circle in L, the diſtahes 
N L 45 deg: 52 nin. Is the deffance of the Snbftile from ihe Meriding! 

3:.'A Ruler-taid from P to.B,. where the Merrdran of the Plain cury 
the Eqignottial. Circle) Ef Wr will cut the Circle in g, ( or whers 
the Meridian of the Plain cuts the Primitive Circle which is in g allo, 
the diſtance S'g 66 deg, a7 minis the Plains difference of Longitad: 
or the Angle betweew ihe. Merits an of the Plain; ' and the Mer:dras of 
the Place./ | i 


. 


W290 | | | 
The Requs/ites being thus found, the Howr Lines are eaſily d 


For lay a Ruler from Q,, the Pole of tbe Plain; to the ſeveral Par 
where the Howr Circles croſs the Reclining Plain; as at 1, 2, 3, 
and where the Ruler cats the Premitive Circle make marks, or x PAY 
thro which marks it you draw Lines from Z, they thall be the 
true Lines proper for your Reclining Plaim, And a Ruler laid 
from Q to R, gives the Point L for the Subſtile. The heighe of che $ ils 
being 26 deg, 41 min ſet 26.d.41 m.from Lto F,and draw.the E 
for * Stile.- [And fois this Dial Finiſhed : Andiin making YE 

you have made an Eaſt Reclining alſo, by only turning the Dial ab6r x 


and numbering the Hours contrary, as in Upright -Decliners;- 
II. By 


DIAL LING 


II. By Trigonometrical Calculation: 
You muſt firſt find all the Requiſites belonging to the Plain,” all. 


whicti' may be obrained by reſolving the Right angled Spherical Tri- 
angte N R P, tight angled at R, AT 


Tr For the height of the Pole or Stile above the Plain, © 


As Radius, the Sine of go deg. ————onmmemn 10.00C000 


—— 


+.'ls to the Sine of the Latitude Þ N 51 deg, 32 min. — 9.89374 
-Sd is the Sine of the Plains Reclination R N Þ 35 deg. — 9.75859 


— #9.65233 


Tothe'Sine of 26 deg. 41;miti. the ſide Pp R, the Stiles 
height above the Plain, ———————— 4 


2. For the Subſliles diſlance from the Meridian. 


As Radius. ——— RS EO OOO 


—_ 1 0.00600 


Ta the Tangent of the Latitude 5 1 deg. 32 min. N P.— 10.09991 
So is the Co-Sine of the Reclination 575 .*, - 9.91336 


To the Tangerit'of 45 deg. 72 min.-NR, the di- 
ſtance of the Subſt and Meridian, —— — 2O,O13ZY7 


3. For the Plains Difference of Longitude. 


As the Sine of the Latitude 5 i deg-32 min. > FRTTOEED: 9.89374 


Isto the Radius yo deg, ————— 
So is the Sine of the Subſliles diſtance from the Me- 
ridian 45 deg, 52 min, NR 


— I C+COOOO 


— 1935595 


CEE 


To the Sine of 66 deg, 27 min, The Plains dif- 
ference of Linden R P  -» Kats. he OW C i 9.96221 


The Requi/ctts being fourd, you are next to prepare a Table, as 
followeth, wherein ſet the Hours proper for the Plain, namely, from 
4 in the Morniog, till 2 in the Afternoon, for the Eaſt Recliner, and 
trom 1c inthe Forenoon, till 8 at Night, for 'the W:/? Recliner, 

Then, conlidering the Plains Diference of Longitude, to be 66 deg, 
27 min, tonſider how many Fqumottjal Hours are therein ( dlows 
ing «5 deg. for an ' Hour J and you ſhall find 4 Hours, and 6 deg. 
27 min: - remainmg, wheretore the Subſtile muſt ſtand berween the 
Hours of 4 and 5 inthe Eaff Dial, and between 7 and $ in the W: 
D441, betweett- which Hours © write the word The Subſtile , 
Then, becauſe there is6 deg. 27 min. remainiag above 4 hours, write 
6 deg. 27 min. in the ſecond Column over $ub/{iJe, againſt the Hours 
of 4 andS. Alſo ſubſtrat6 deg. z7 min. from 15 deg. the Remainer 
wil! be $ deg. 33 min. which write under The $44ſ/:le againſt the 


Hours 


JJ APLUKNC - 


« Ruler laid fromiN to 6; will cve the Vertical LidewfS 
in Q, forthe: Pole of the Rerliming Play (C or'th8 &! 
the 


etlination:55- deg. being' taken out '6f"4 8EAEUP F127 
and ſet from Z, will find the point ©S4 the Pole of 'tHE' Plat 
oofix 


Now having: fdund the Ps / Plain at: ICs ; thie ” 
the World it P, you have two Points, viz. P and Q_, 
you muſt (by the 12 Proble ofthe Intro dntfr oy 
Great Circle, which will cut,the Reclining Pldin'$ Ri 
Now part of the 'Arch” 0f thþ Yet Part of 
And part of the Rec/ining BY-'N:R'; 146 &6 
Trizngle NR P, Right Angled at R. And ou ; f 
all the Regui/aes belonging to this! PlaſhbeYob 

vw 0 271 105 
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DULL 411102 S753 n 
'r 40t Q@brouangnb obilqu 121i 907 io. ain't yd bn y 
I. The! Heaght of the. Pojer above! the P hadis, tepteſenteddTbiicht 
eos #h " Fr ge yy" * ewoH 93. Bore vlo? 
I. The Diſtance of 1 uoſitte and Meridian; repreſented by NR 
111. The Plains difference of Longitude, or the Angle wn the 
A bo the AGGIE. o rhe Plane mepes 
ſent e Angle SEN | 
DM aids 4 A 23-4 


Firſt, Yournuſt find the Pole of the Meridian of the Plain, Which. 
will always bejwhert the(CircleN O 5; \tepreſehringche. Naik, wack 
croſs the EquinoQtial Circle, as here it doth at A; @:; s/Aherfible of 
the Meridian of the Plain. And now, = 


1. To find the height of Fe Nbl+ of SYAe above the Plain,] A Ruler 
laid from A to P, will cut the Circle in &, and laid from A to R, it 
will cut. the \Circle :1niicyrthe dilance e.:4. mealured upon'a" Sail of 
Chords, will, give. 26 dog. 41:min«for the Stzles besght, * of i # 
NL , 52 fin. Is the drffance of the tte from the: Meri 

ny Ru ce ldid from P to.B;. where the Medial the Pla re 
the Equjnottial. Circke;' EA W:: will cut the Circle in g, ( or whers 
the Meridian of the Plain cuts the Primitive Circle which is in g allo, 
the diſtance Sg 66 deg, 27,min-isthe Plains difftrence of ==, 

of 
| Wh 


or the Angle bettween'i be. Merfiids an of the Plain; ' and the Merideas 
choke By eps belr nt obs ſhe 2 gy us - 
e Requiſites being vund,-t our Lines are ecafil 7 
For lay a Ruler from Q, the Pole of the Plain, to the Pres / ——_ 
where the Howr Circles croſs the Rechining Plain; as at I, 2,3, Se 
and where the Ruler cats the Premitive Circle make marks, or Rs; 
through which marks it you draw Lines from Z, they thall be-the 
true Lines proper for .your Reclining Plain, - Arid a Ruler l4id 
from /Q to R, gives the Point L for the Subſtile. The height of che@$ile 
ng 26 deg, 41 minſet 26.d.41 m.from Lto F,and draw,the-kinÞ7z, F 
for the St:be.- And fois this Dial Finiſhed : And 4n making of thikDiat 
you have made an Zaſt;Rechining allo, by only; turning the Dial | 
and numbering the Hours contrary, as/in Upright -Decliners; ago; 


II: By 


DIALLING 


IL. B y Trigonometrical Calculation: 
You muſt firſt find all the Requrſtes belonging to the Plain, all. 


which' may be obrained by reſolving the Right angled Spherical Tri- 
angle N RP, right angled at R. a | 


1: For the height of the Pole or Stile above the Plain. © 
As Radius, the Sine of go deg. —— OM HIS 


410,00CTOOD 


———————————_—_ 


ls to the Sine of the Latitude P N 51 deg, ” min. 9.89 74 
-Sd is theSine of- the Plains Reclination RN Þ 35 deg. — 9.75859 


inc fab dee. aimit.the fide P R the Stiles. cet 
Torhegjp \ 


bat Faded wud 


'; 
As the " U 73 FER. © 6 90: 1 COPS 


Isto the Radius yo deg. = k mma 
So is the Sine of the Subſtiles diſtance from the Me- : 
ridian 45 deg, 52 min, NR Rn NILES 


” A > i on ed 


Pp” CT 


—_— I CG+COOOO 


ference of Longitude R ÞP N +——=. —  9g.96221 


To the Sine of 66 deg, 27 Min, The Plains 2 
The Requi/itts being found, you. are next to prepare a Tub/e, as 
followeth, wherein ſet the 5 mts 9 4 for the Plain, namely, from 
4 in the Morning, till 2 in the Afternoon, for the Eaſt Recliner, and 
trom 10 inthe Forenoon, till 8 at Night, for the ef? Recliner, 
Then, conlidering the Plains Difference of Longitude. to be 66 deg, 
27 min, tonſider how many Fqumottijal Hours are therein ( dllows 
ing «4 deg; for an Hour ) and you ſhall find 4 Hours, and 6 deg. 
27 min: * temdinmg, ' wherefore the Subſtiſe muſt ſtand berween the 
Hours of 4 and 5 un the Eaff Dzal, and between 7 and $ in the We/ 
D+1J, between which Hours -write the "word The Subſtite , 
Then, becauſe there is6 deg. 27 min. remaining above 4 hours, write 
6 deg. 27 min. in the ſecond Column over Sub/{i/z, againſt the Hours 
of 4 andS. Alſo-ſubſtra&6 deg. 27 min. from 15 deg. the Remainer 
will be 8 deg. 33 min. which "_ under The J$#4/i/:ls againſt the 


Hours 


xYRLAIN 
Weſt Reclini Hours of 5 and 7. Then by the 
phe or oy ae 3 continual addition of 15 deg. £ ej. 
Stiles height 26 ther of theſe Numbers you ſhalt 
De<fle&tion 4 have the Equnett:al diſtances be. 
Difference of Long. 66 | longing to each Hour as in, the ſe- 
= Hoar dg | cond Column of the Table, namely, 


Qial Di- (ſtances 21 deg. 2.7 min. for 9 and 3. And 
ances. |from the | *3 9g; 33 min, tor and 6, ,G'c. 
ubſtile. The 7ab/e being thus prepared, 
D. M. | D. M. | you have noralng now to do, but 
I IEnn” Calculate the Hours Diſtances vu 
+7 7 on the Plain from the Subftile ; which 
714 is eaſily done by this general Analogy 
27 or Proportion : 
a, As Radius,the Sine of go d r0.00000 


Hours 
from the 
Subſlile. 


meme 


Is to the Tangent of 6- 
. d. 27 m, the Equino- | 
* 'ialdiſt.for the hours> 905325 
of 4 and 8: h 
Sois the Sine of the Stiles 
height P'R 26 ae 9.65233 
41 min,” +, 
To the Tangent of 2 of 


Ss _ 45 m. the dif, of theY g3.70561 
Hours of 4 and 8 upon the Plain from the Subſtile. 


And by continual working of this Propor/com, you ſhall find ſuch 
numbers as this Table affordeth in the Third Column thereof, 
which being ſer off by help of a Scale of Chords upon a Circle 
from the Subſtile of the Dial, they ſhall be the true Howr-lines 
proper for your Rechning Tam. 


A 


CHAP::XV. 
How to draw Hour Lines upon dire South Reclining Plains. 


om —__ 


The Firſt Variety, Reclining Equal to the Pole. 


F theſe Plains, there are Three Varieties « For, Firſt, The South 
Plain may ſo Recline, that it may fall juſt into the Pole, and 
e 


that is when the Rec/ination of the Pluzn is equal to the Com- 
plement of the Latitude of the Place, Overſuch a Plain the Pole hath 
no Ekwation, and therefore the D:41 no Center, and all the Hear 
Lines muſt be parallel ; and the making of this Dial is the ſame as the 
Eaſt or W:ſt ErefF-direfF Dials were, only, as the Stile of thoſe Dals 
food upon the Hour Line of J7x, in theſe it muſt ſtand upon the Hour 
Line of Twelve, and the EquinoQtial Line in that muſt be an Hori- 


zontal 


DIALLING. 3+ 
zoatal Line in this An Frxample of ſuch a Plain* you have in Fi- Fioure 
_ gure XY. | "Y 


I. The Second Variety, Sozrh Reclining Leſs then to the Pole. 


Havieg drewn a Circle W SE N, and croſſed/it with two Diameters Figure 
S N,-for the Merediuy: of theiPlace and Hour Line of 12, and WE for XI 
the Prime Verizeal Circle, and 'Hour Lide of $/x, and within this f 
Circle Pojefted the Sphere according to former Dire ions, you may 
now praceed to the making of the Diat; Which, Let be a South Plain, 


Reclenting fromthe Zenith 25 Degrees 
I. By the Projection. FS 


The Reclination of the Plain being 25 deg. take 25 deg. from a 
Chord, and fer them from E to 4, « Kuter hid fron W to a, will cut 
the Meridian of the Place in R.: Or, the half Tapgent of 25 deg- will 
reach from Z to R alſo: And now you have theres Points W, K and E, 
whereby to draw your Rec/imng Plain, whoſe Center will always be 
in the Meridian Line S Z N extended, -and-from its Center io R, will 
be cqual to the Secart of 70 deg. the Complement of the; Keclina- 
ton. | et "pp 

The"Circte W R E repreſenting the Plain, being drawn, you ſee that 
it paſſeth between the Pole of rhe World and the Zenith, and there- 
fore-the South Pale is Elevated. abeve it, and bow much you may thus 
find ; Lay a Ruler from W to P, it will cut” the Gircle in c, the di- 
ſtance from cto.# meaſured upon a Chord, will þe found to be : ; deg. 
28 min. for the height of the South Pale or Stile above the Plain. 

\ For finding the Pole of the Plan, take go.deg; of the Chards, and 
ſet them,ſfrom #@ to 4,: a Ruler laid from W to 6,. will cut the. Mer-drav 
Line SNinQ_, ſo.i5 Q the Pole of the Plain. 

Now for the Hour, Lines, Lay a Ruler to Q_, and to the ſeveral 
Points 1, 2, }, ©c. where the Hour Circles of the Projedtian, inter- 
ſet with the Plain W RE, and on the Circle, where the Ruler croſ- 
ſeth it, make marks * # F, and from Z the Center, through thoſe 
marks, draw Lines, and they ſhall bethe true Hour Lines proper to the 
Reclining Plain; and .13 deg. 28 min, ſet from N 0 L thall give the 
Point L, whereby to draw the Line Z L for the Stile of the Dial. 


I I. ;By Trigonometrical Calculation. 


In theſe Plains there. is oorning. beſides the Hour Diſtances ) to 
0 


be found, but The herght of the or Stels atove the Plain, and 
that js cafily done : For, The P/azn falling between the Pole and the 
Zenith, if you fubſtrat the Reclination ZR 25 deg. from Z P 38 
deg, 2$ min. the Complement of the Latitude, the Remainer 1 3 deg. 
28 min. is the Height of the Pole above the Plain, 


Now 


4.6 


PLHIN 


. Now for the Hows Lines, the 


| _ Stiles height 1 ; 4.28. m. | height of thc Pole above the Plaig' 


TY being found, the general Canon for 
o__ s pn rw | we di. | Hour diſtances wi effe&. that, for 
No ” | Shares, { Bones, having framed a Table with Hours 


D. M|D. |} and ZAgumottial diſtances anfwera- 
— ble to them, you may by the general 
be Canon Work as followeth. 

15 co 
zo oo 
45 05 | 13 


As Radius go deg. 10.8000d 
bo oo | 21 To the Sineof RP 1}; 
9.42805 


73 09 1 45 d. 28 m; the height 
' 95 OO | 9© | of the Pole above 


the Plain 


So is the Tangent of 1 5 d. the Equinodtial diſt. for i and 11, 9-3671 3 


——— 


To the Tangent of 3 d. 34 m. the Hour diſtances of 
11 and 1 a Clot [ 


8.79548 
And fo for all the Reſt of the Hour diſtances as in the Table, the 


Stile- being 1 3 deg. 28 min; high, ſet it upon the Circle ffom N to L 
and draw the Line Z L for the Stile, The Subſtile is always the Meri- 
dian or Hour Line at 12. Soft 1 


111. 7he Third Variety, South Reclining More than to the Pole 


The Lines N $ atid E W being drawn at Right Angles in 'Z, the 
one for the Meridian and Hour Line of 12, the other tor the' Prime 
Vertical Cixcle and Hour Line of Six: And the Sphere ProjetFed npon 
the Horizon of London according to former DireQions, You ma 
Sr to the drawing of the Dial in this manner, nothing gif: 


ering from the former: And let the Example be of a dire South 
Plaitt Rerhening 70 deg. 


I. By the Projeftion. 


The Sphere being ProjeQed, Deſcribe the Circle repreſenting the 
Plain upon it, in this manner : The Recl/indt ion being 70 deg. take 
70 deg. of your Chord and ſet them from E to 4, A Ruler laid from 


W to 4, Will cut the Meridian in R, (or the half Tangent of 70 deg. 
ſet from 7, will give the Point R alſo) and fo vou have three Points 
through which to deſctibe the Circle E R W, repreſenting your Recl:- 
ning Plain, whoſe Center will be in the Meridial Line NS, and the 
Secant of 20 deg. (the Complement of the Retlination ) ſet from'R 
vpon the Merid:an Line to B, will give the Center : And the Plain' be- 
ing deſcribed, you ſee it falls between the Pole and rhe North point of 
rhe Hor:zon, and therefore the North Pole is Elevated, and to know 
how much, Lay a Ruler from W to P, it will cut the Circle in 6, fo 
the diſtance between a and & being meaſured upon the Scale of Chords, 


will give 31 deg. 32 min. for the height of the Pole or $/;/- above the 
R:chning Plan. Next 


DIAL'LING. 

” Next find the Po/e of the Pliin E R W, by taking go deg, of your 
Chords, and ſetting it ſrom @ fo c, a Ruler laid from W to c will cut 
the Meridianin Q, fo is Q-the Pole of the Plain ; To which Point, 
and the ſeveral InterſeQions of the Honr Circles of the ProjetFton with 
the Plain, 1, 2, 3, Oc. If to theſe Points you lay a Ruler, it will.cut 
the Primitive Circle in * *-, {S:. through which Points if you draw 
right Lines from Z, they ſhall be the true Hour Lines : And z1 deg. 
32 yin, sbe height of the Pole above the Plain, being taken from a 
Chord, and ſet from N to L, jt ſhall give the Point whereby to draw 
the Stile : And fo is the ya/ finiſhed.; . 


- I. B y Trigonometrical C elulation 


" There is nothing in this Dial to Stiles hei T dew. ay 
be Calculated but va Hour Diftan- | So: = _— 4 
ces, and before you can” Calculate . [Hours from Diſtances. ' ſtances on 
them , you muſt firſt obtain The | "Noon. | | the Plain. 
height of the Pole, or Stile above As 1," 

the Plain, in this manner: The 
Plain falling between the Horizon  |' 
and the North Pole, the Arch of the 
Meridian PR, muſt be rhe height 
thereof : Now from Z to R, is 70, 5. ' 
the Rechimatron* of ' the Plain, and _ 
from 2 to Pis'78deg. 2$mm, the }* © 6 
Complement” of the Latitiide: Sub. 0o OEEDTT 

| PZ 38 "dep, 28 min." from ZR Todeg; 'the remainer 3. deg. 32 
min. is the A##bP R, the height of the Pole above the PJajn: Which 


fo-0'o a0 0 0|Z 


ral Analogie er Proportion?” ' 
As Radius. *s3 ' QUT OA 11 Ol 11G ; © 3 Y FR : 4 


| 
57 M 


| Tothie'Sine of the height ofthe Poleabovethe 2: \ 1! 1 1 
i; Plain PR deg 22min + + |» F117 9-72850 
$0 isthe'Fangent of :15\deg/the EquinoQial diſtance ' © 7 9.42805 


| Tothe Tangent of 7.d.59im..the Hour diſt. of 11. or 1;  19.14655 
122. .0, Dilengd 1 3 21040q 1H, 51:1 29 01 D148 

£ AndJo or-all.the.reh of che Hour diſtances as.in the Table, The 
Stlle\my be Flevated above the Mer:4jas gr Subſtile:equal to the An- 
gle. N Z.1..34 deg: 32 min, .,And:ſo is the Dial finiſhed. | | 


4 i (16.069 IT | ! = ® 4% 


- 


Q ions 0114 509 9541 GHAP, 


PLATN 


CHAS--XTL 
How to draw Hour Lines »pon dire North Reclining Plaing, | 


F theſe kind of Plains there are Three Varieties, as there werg 
() of South Recliners: For ( 1.) The Reclination may be fi 

that the P/ain may be juſt lie the Eqzinottial Circle.—— Or, 

(2.) It may Rechine fo, that the P/ain may fall between the Zenith 

and the EquinotFial Civele, Or, C3.) The Plarm OI ſo, as 

to fall between the EquinofFial and the Horizon. amples of all 

which do here follow. 


I. The Firſt Variety, of North Reclining, Equal 
10 the EquinoCtal, G 


I. By the ProjeAion. 


Our firſt Example ſhall be of a North Plain, Reclining from the Zo 
»ith, 51 deg. 32 mn. gh: 
Firſt, Having drawn NS fot the Merad4as and Hour. Line of 8, 
and E W for the Prime Vertical Circle, and Hour Line: of 6, cr 
each other at Right Angfes in 7, and upon. Z deſcribed, a Circle, am 
therein projetfed the Sphere + The next Eaing to be dane is to projed 
the Circle repreſenting your Reclening Pharn + And the Rec s 
being 54 deg. 32 min. take thole Legioye from your Line of Chor 
and fer them from W toa: A Rulerlaid fromE to @, will cut the Me 
ridian in &, which is the very interſe&tion of the br Ps a Circh 
with the Mer:4:an NS; and fo the EquinetF:al Circle regreſents your 
Plain : To find the Pole whereof, Take go deg. of your and 
ſet them from 4 to 6, and layihg a Ruler from-E «6 4, it witt'crols the 
Meridian NS in Þ the Pole of the World, . ſa that the Poſe of the 
World is the Pole of this Plan g end: the diſtance kt H baing / 90 deg. 
thews the Nor:h Pole to be eleyated above the Plain go deg. _ 
Now for the HourLines, Þ being the 'Fole'of the Platt, By a Ruler 
thereto, and to every of rhe Hour points 1, 2, 3, Gc. 11,. 10,9, (6c. 
where the How Ciyctes, 'erofs the Plain, ind where the Rokr cro 
may 


ver crofſech 
the Promirove Cirele, v Tmhatks **' ®, 'thronph wh and” rhe 
Center 7, Lines ER lovhe efu Hour: Fo ay hoc 


for this Rechning Plain + And indeed they are no other than if the 
Circle were divided into 24 equal parts, for the Hours are all of an 
equal diſtance one from another, namely 15 deg. Now the Stile ha- 
ving go deg. of Elevation, A Senagne P:n or Wyre of any length, ſet 
upright, 5. e. Perpendicular to the Plain, in the point Z, ſhall point 
directly to the North Poke, and fo ſhew the Hour by the ſhadow 
thereof. 


There 


PLATN 


CHAS-ATE 
How to draw Hour Lines upon dire North Reclining Plains, 


F theſe kind of Plans there are Three Varieties, as there wery 
() of South Recliners: For ( 1.) The Reclination may be ſuch, 
that the P/ain may be juſt lie the Eqzino#ial Civcle.—— Or, 

(2.) It may Rechine ſo, that the P/ain may fall between the Zenith 
and the EquinotFial Circle, Or, C3.) The Plain may Recline fo, as 


to fall between the EquinofFial and the Horizon. xamples of all 
which do here follow. 


I. The Firſt Variety, of North Reclining, Equal 
r0 » EquinoCtaal, 


I. By the Projefiion. 
Our firſt Example ſhall be of a North Plain, Reclining from the Zo 


»ith, 51 deg. 32 min. gh: 
Firſt, Having drawn NS fot the Merid4as and Hour. Line of :g, 

and E W for the Prime Verticsl Circle, and Hour Line of 6, cr 

each other at Right Angles in 7, and upon Z deſcribed, a.Circle, 


therein projetFed the Sphere : The next thing to be done is to projet 
the Crt repreſenting .your Rechning Phan - And the Ne 
being 54 deg, 32 min. take thoſe Degrees from your Line.of Chords 
and Fe them from W toa: A Rulerlaid fromE to 4, will cut the At 
ridian in A, which is the very interſe&ion of the br poor" Civ 
with the Mer:4:an NS; and ſo the Equino#:al Circle re eſents your 
Plain : To find the Pole whereof, Take go deg. of your Chords, and 
ſet them from a to 6, and layitg a Ruler from-E «© 4; it witl'crols the 
Meridian NS in Þ the Pole of the World, ſo that the Polr of the 
World is the Pole of this Plain; and: the xiſtance 4 being / go teg, 
ſhews the North Pole to be elevated above the Plain go deg. _ 
Now for the HourLines, Þ being the 'Polecof the Plain, hy a Ruler 
thereto, and to every of the Hour points 1, 2, 3, (Sc. 11,. 10,9, 
wherothe How Circles, '<rofs the Plaid, ind where the Roke croffech 
the Primirove Circle, wake tharks **' ®, through which, and” rhe 
Center Z, Lines being dtawn hall-be rhe truce Hour: Diſtances oor 
for this Reclining Plain + And indeed on are no other than if the 
Circle were divided into 24 equal parts, for the Hours are all of an 
equal diſtance one from another, namely 15 deg. Now the Stile ha- 
ving go deg. of Elevation, A ſtraight P:# or Wyre of any length, ſet 
upright, 5. e. Perpendicular to the Plain, in the point Z, ſhall point 


diretly to the North Pole, and fo ſhew the Hour by the ſhedow 
thereot. 


There 


| : ws 20 La by pl 


, 4 > Y 
o | 
i, of # _ a >» R 5 
« »© : if % VE & ad 

, of 
% . ” ” - yo n 
$ 6 f 

* % —_— . 
: G 
, , / 


_—_——_—_T 


_ — == 


pn>— 


FHortzenta a ——_— m % 


S244 + -<* 


PT} TT SRT3Tcx. Tc. ” — <> <> _— 
PLLLEES 
SS4 << P_—_—  LELESS 
mn A - 
© 


* F = = S 


7 C ” To Vo 42 OY 
SF Ws begs Fo 
- \ y ade ” b- o 
$'% bd a : T SM » k 
ve 3% AIR, 4 _ OLE 
_- - Ss <oew- 


do *x 
: foe #6 $.* 
d $onC * of .” 
2:4 ' MR A 
= * < ME 5 
- : ax *S*. >. 
© by  ®* tos. , 
» " « = 
4 RTP : 5 - 
- 4, 70 , % 


-{ 


C———<— —< << <ao---- _— —_— _— 


» <- 


- 


* 
Ly 


Pe 
. 


«* 


» 


| 
| [4 
B 


7 OS 
El 
' , 
— 1 


HL —__ EO ER ES 


DIALLING. BI 


Fhere needs no Trigonometyical Calculation for this Dral, the Hour 
Diſtances being all Equal, wiz. x5 Degrees from each other, 
and the Stile only a fra:ghr Wyre ſet perpendicular to the Plain. 


11. The Second Varicty ; North Reclining Leſs 
than the Equinoctal. 


I. By Projedion. 


Let this Second Example be of a North Plain, Rechning from the Fioure 
Zenith 25 deg. favi drawn N S for the Meridian, and E W for By 
Prime Vertical, interſeQing at Right Angles in Z, and upon Z deferi AV. 
bed « Circte E N W 8, and in it projetFed the Sphere ; Your next work 
will be to Draw the Circle repreſenting the Plain upon the Projettion, 
in this manner : . 

The Plain Reclining 25 deg, take' 25 deg- out of yaur Line of 
Chords, and ſet it from Wrto ac ARuler laid trom E to @ ſhall cut the 
Meridian in R, ( or the half Tangent of 25 deg. fet from Z, ſhall give 
the Point R alſo.) And now you have Three points to draw your Plain 
by, viz. E R W, whoſe Center will be in the Merigran: Line NS, 
and the Secant of 25 deg. fer from R will give the ſame. © 

The Plain being thus deſcribed; 6 fee it paſſeth between the Ze- 
#ith and the EquinotFial, and the North Poke is Elevated above it the 
Quantity of the Arch of the MereglaniR Pj and to know how much 
that is, you muſt firſt find the Pole of the Plain thus : Set go deg. from 
@ to 6, then lay a Ruler-ypon: E-and; 6,..it will 'cut the Circle in 
Q_, fois Q the Poleof the Plain ; and « Ruler laid from E toP will 
_ the DR ig: the _ 4 #c arr hes upon a Scale of Chords 

ill give 6 - 28 min. for the Arth Þ R,':equal tothe height of the 
Pale ahavs the Plain. | 
' To draw the Hour Lines, Lay a Ruler upon Q, ;;) and to the ſeveral 
points where the Hour Circles crofs-the Plain, and where the Ruler 
cutteth the Primzjive Circle makemarks or * '*-6, through which 

ints, from the, point Z, draw Lines, and they thall be the true Hour 
Tore For the Stile take 63 deg.'28: min. from your Scale of Chords 
and ſet them from N\to.L, and draw thei Line Z EL for theStilez'The 
Subllile is the Line .N. Z,- or the: Meridian of the i 25/in SoathRe- © 
chners ; but in theſe North Reclivers the North Por is always Eleva- 
ted, and the Hours about Midnight left out : As in'Figure XIV, \ + © 

All che Calculation that is required in theſe Dire@ Reclining Plains; 
is oaly the. Herght of the Pole above the. Plain, and the How” diflances 

om the Meridian. For the Firſt, It is the Quality of the Arch Þ'R, 
Now fxom Z to BR is'38-deg. 28 mii, equal to:the Complement” of the 
Latiinde, nnd Z R 45 +; eg equal to the Reckinafion. 'which added 


together make 6 28 min. | And ſomuch is the height of the Pole 
or Stzle above th ins Plain ERW. if - 
Joy 


52 


Meridian, they are to be found by Stiles height 6 7 dep. 26 min. 


PLAITIN' 


For the Hour Diftances from the 


the general Analogie or Troportion. | Frome Enuino, . Trae 


from - | ial di- | Hour di. 
Noon. | ſtances. ſtances. 


To the Sine of 6 ; deg. . | 'D. M.[D. M. 
23 min. the Stiles 9.95 166 | co | © co 
height co | 13 29 


So is the Tangent Nance . 3 co | 27 19 


As Radius go deg. 10.00000 


firſt Equin. diſtance } 9.42805 | 45 00 | 41 49 
15 dep. | III II; 1. CO | 57 To 
To the Tangent of 13> | 75. 00 | 73 20) 
deg. 29 m. for rhe di-S 59.3797 Abb oo | go '0d) 
ſtance of 11 and 1 | | 


The like muſt be done for all the reſt, and ſo ſhall you produce ſuch 
numbers as in the third Column of the Table. 


The Stile muſt ſtand upon the Mer:d:an Line NZ, making an An 
ple of 63 deg. 28 min, therewith. 


HI. The Third Variety : North Reclining more 
than. the Equinoctal, 1} $8 | 


I. By Projection. / 


w_ 


Suppoſe a North Plain in the Latitude'of 51 deg. 32 min. ſouſd 


Rec!me from the Zenith 7o deg.* : | TS 
Firſt, Draw NS and E W at Right Angles in 7, and upoh 7Z d 
ſcribe a Circle, and therein projec? the Sphere. ' Which done, Take th 
Pluns Rechnation 70 deg. out of your Scale of 'Chords, and "ſet 
upon-the Crrcle from W to @, a Ruler laid from E to a, will cut the 
Meridian in R, ( or 70 deg. taken out of the Scale of hee þ Tang thts, 
wilt reach from ZtoR alſo. ) Now having Three points E, R; LW. 
deſcribe. it upon. your ProjeQtion,” the Center whereof wilt be in' th 
Meridian Line NS, and will bediftant from R;"equaF to rhe Secant 
20 deg;: ; pom —_ _—_ _— Pole"thereof, by raking 
o deg. of 'your Chord and fetting-them from'a'to 6;'-ſo a Ruler Is 
ey Fl ſhall cut the Meridian N Sin Q '3/the Pol | Rule kl 
ning Pin. ' But now to'find the Hezght of P'the Polk of the World! 
above the Reclining Fluin E R W, Lay a Ruler upon E and P, it wi 
cut the Curcle in 4d, fo ſhould a d be the meuees the Pole above the 
Plain ; which being above go deg. viz. 108 deg. 28 min, the Come 
pony thereof. to. 180 - deg. namely; 71 deg.” 92: 'mitn. '15 the' Shes 
eight ;. which ſet from. S to L, ſhall give you the point L, f whereby'ro 
draw the:Line ofthe Stile. ' | oT © | IN 
: Next for the-How Lines. ARulct laid to: Q:, the Polevof 'thy 
Plain, and the reſpeRive points 1, 2, 3, tSc. ( where the Bow Greles 
croſs the Plain ) mark where tho Ruler cuts the - Primitive: Crrtle, and 
there make: marks, or * * * ;/and: from Zif you draw Lines through 


thoſe 


DIALLING 


thoſe * * *, they ſhall be th wane: 
Reclining Plain, e true Hour Lines belonging to your 


IL. By Trigonometrical C aleellation. 


As in the other Reclining Plains which bo | 
there was no Arithmetical Calculation bur pay we Hun? 
the Pole above the Plain, and the Hour Diftances from the Mes di 4 
of . the Foch, Tyan is ors more in this. . _ _ RY 
' For the , (namely the height IS EC dit 
of the Pole or St:/e above rhe Pl, ) ky Mules height/ 7 1d. 327m. | 
which is Repreſented by the Arch- | Hours | Equino- | Tru&-*} 
of the Meridian in the Proj/ion from. | Qual di- | 
by PR. Now from Z to Pis 38 deg, | Noon. |lances. 

28 min. equal to the Complement of _'D. 

the Latitude, and Z R is 70 deg, 12 '[0 
equal to the Reclination, theſe two | 11 — 1 | 15 
being; added together make 108 deg, | 10 2 | 30 
2.3 min. but this cannor be rhe true 3'1'4s : 
height of the Pole above the Plain, 4.] 60. 
for that can never exceed go deg. #38 14 
but this Plain falling between.the | :6 1 9o o | 
Equator and the Hor: zon, muſt needs _ 
have ſo much-1efs than go deg, of Elevation.as the Reckination is more 
than'the Latte; therefore, If you add ;8deg.. 28 min. the Com- 
plement of the Latitude and 70 deg. the R 7 oder: Ser Bu wh the 
Sum 'will be. 108 deg. 28 mio. as before, whole ement to. 180 
deg. is 71 deg. 32 min. and that is the true height of the Pole' above 
che Plain::* Or if you add ZA 51 deg. 3z min, the, Latitude, to'R $ 
20 deg: ( the' Complement of the Plains Reclizatiow:) the. Sum of 
them- will be' 7 1 deg- 32 min. for the height; of the Pole or Syile 
above thi Plains n | | * [noO11 iS, MW 120377 

'The HourDiſtances ( now the height of the. Stile is known), may 
be found by the Common Analog y. & | 

As Radius go deg. | 
> TO the Sige.gf the Stiles height 71 deg, 32 min. $.y7704 

.So is,the Tajgent, of 15 deg. the firſt Equinodtial diſtance * 9.42805 

To 149.6 m. the firſt Hours diſtance from the Merid. 19.40509 
\'4 [ + 1 y* ' 


I ©0000 


1 And repeating;this Work for all the Hours, you ſhall have ſuch Di- 

ſtahces'a3' ini tlie Third Column of the Table are! ſet down. | 

" "The Stite muſt bo ereRted apon the Meridian, and raiſed to an Angle 
of 77 deg. 32 min. equal ro-the height of the Pole;above the 
Plain. X | Y 2(T- .4 


: 
$ 8 


LNRF b 1 | CHAP, 


PLAIN 


CHAP. XVIL 


How to draw the Hour Lines wpvz South Declining Recli- 
ning Plains. 


F South dire&t Reclinin Plains, there were Three Varied, 

() ſo ere there as miny of $u1b Reckiners which Dechne alſo; 
For to any Dechnation, the Plain may Recline 1o, that i 

may paſs through the Poterof the World. Or, Secondly, It may Res 
cline fo, that the Pla:s fhall fall below the Pole, and ſo "fall 
the Zewsth and the Pole. Alſo, Thirdly, It may fo Rechwe: that the 
Plain ſball paſs between the Pole and the j- bpattay Of all which 
Varieties | ſhall give particular Examples. 


I. 7he Firſt Varicty : Of South Declining Reclining Ning 
The Plans paſſing through Ts Polc; 


Ds  — 1, By Projedtion. | . 


This Exainple ſhall be of a Sourh Plain, beryee Foe from the Seth 
Eafiward ;o deg. and Rechmning from the Zenith 34 > phoann | 
Firſt, Draw a Right Line A B, repreſenting the "Baſis O our Re 
cloning 7 x9, and Loa it with another Line CD, at Right hoglezi 
the po | et. 
Sadly: Z, deſcribe a Circle, and in it, from C towards: K, 
(beeauſe t the -Phſn dellines Faſtward ) ſet 30 deg, the Declizatrom of 
the Plain, to N, arid draw the Line NZS for the Meridian ofthe 
Place, upon whic from Z to P, ſet the Half Tangent of the Comte 
plemerit of 'tht Latitude 38 dep. 28 min. «ad fſilh the Trgedivs : 
Which done, v4 $111 0 bayot ad 
Mey Take the Half Tangent of the Reclination of the Plain 
2 m. and ſet it from Z to R, upon the Line CD, «ſo' have you 
ELF nn R, and B, by which to draw your. Plain, whoſe be 
will be 4n the Line: | C D extended, and the Secahr fo gi 
ſet from R,.will give the Center ef ron Alſo the Half 
deg. 23 min. being'ſer from Z will give you the paint, pJ. for ts 
of the Pain; through which point  Q,, andP, the Po the or 
you tnuſt {4 byhe 12 Problems i in the Jarrodwlfion; J:draw.the Arch 
a Great Circle : And now ſeeing the Plain pafſatht)uſt; through the 
Pole of the World, the Pole hath no Elevation a above it, and therefore, 


the Howr Lines muſt be parallel one to the ether Bat MT IOFe 
draw then, two things | ae be found, - 


1. The Diſtance of the Meridian {rom the Horizon Þ P B. 


- The Plains Difference of Longitude, the Angle QZ p. 
Both which by the *Proje1on are thus found : 


A Ruler laid trom Q to P, will cut the Circle in a, and the diſtance 
a B meaſured upon the Chords will give 71 deg. 53; min. for the Di- 


ſtance 


DEALLING. S& 


ſtonce of the Meridhas from the Horizon » And the. Arck q $,\-meaſu- 
red | pony ihe Chords will be 24 deg, 19 min.:for the oberg EJetends 
of Longstuat. $314 

Theſe tbings found, the Dial-mpſt be drawn Grometricalh, not 
much differing from the diret Eaſt, at and NONE wp. TL as 
ſhall be preſently ſhewed. But Faſt, ) 'Y- C 1 . 1558 


"MF 


IT. By Trigonomerrical Colculation 


1. To find the Diſtance of the Meridian from the Horizon p « 

By the interſeQion of the (zrcles of the e with the Plath $A 
conſtituted a Right Angled Spherical Triangle Þ RT, Righ ighy/Ang 
at R, in which there is given, (1. hy polenwuſe Z Þ' 

min. th lement of the Latit G3 The Angle R' s <vdew 
the Plains Declination, and if _— will (3.) The ſide R'2 Is d 
32 min. the Plans Rechnation. To find Gy ſide R P, the 

of the Meridians diſtance _0w' the "Horizon : For doing bow 98; this 


is the Propofridny, - 


. 
Y} 


As Radius go Yeg. | 5 OE 10.00000 


To the Sine of P Z the Co-Latitude 38 deg. 28 min. $444 .79;82 
So is the Sine of R Z P the Plains Declination 30 el 96989 


To the Incof R P15 dep. 7 min. ) —_ 
The Complement whereof 51 &&: 53 mil min, is the Arch. o By "Dre 
= 


Lo * 


ftance of che: Meredian from the it bn: 
2: For'thÞ Plains Diſtrence of LonginadeZÞQ = 
» As the Sinoof pr che Co-Latitude 38 dey 23m min. "_ 2: by bog, 193% 


> Mk 2 "0 


Is to the Redivs « go dege " Ab0900 
. So isrhe Sine 7 ZR RhePlains Reclination 34 dog.” * "mit 1 SIPS 549 $49 


To th of ZÞ R. 65 deg. 41. min. 
gigk Gs So oP ds: 1 196 in, 18 wg Aogl 7 ; Q he nds 
Jrrenc ) | 


d ro , [inet] 
wit TT Fn of ha war © 6 Wy 


= +2IVEGBSI 211] Y 

Firſt, Drew a Like at lea afurey « as A Z B, 'reprtlſevitidng: a, - 
tal, Ling of zh: Plaio 5 ;confidering of what Joni weeld - 
bave So to: be ; anfororable ro the bigoel nan ; 
fonpole LD take that” Giſhance i an 'you 2.8K ung onc 

in Z,- with the other Serie w Smitiecle © B,0ponoWhich 
by =o of a Scale of Chords) ſet 71 deg. 5 ; min. the d [4s oo 
ihay from rom dos. Horigos, frowrA to C; ad draw t 

for rhe 


Secondly, Takes 4 deg. i9 min. the Plains Deferon RR 
and ſex it rom C teED. \ 20 | 
"Thirdly, 


56 


Aa 


[jj of & 


PLAIN. 


Thirdly, Through the point C, draw a Line F G, perpendicular i 
the Subfole ZE, and another Line H1, at any diſtance parallel ro Ho 
Fourthly, Lay a Ruler from Z to D, it will cut the Tangear Ling 
F G,.in 12, through which point,” draw the Line 12, 12; Parallel to 
the Subſtile ZE, tor the Howr Line of 12: 1 

Fifthly, Divide the Semicircle AD B into 12 equal parts, at thi 
points * * , (Sc, beginning at D. 

Laſtly, Lay a Ruler unto Z, and upon eyery of the marks * * * 
&c. and the Ruler will cut the Line FG, in the points 7, 8, g, 16; 
11, 12; 1, 2, through which points draw Lines parallel to the Sub. 
flite TE, fo is your Dal finiſhed.” [+ ) i129 i 

_ As for the $/z/e, it may be a ftraight P/» or Wyre, of the juſt lenge 
of the Line C7, as K L, ſet perpendicular to the Plain upon any,pan 
of the Subſtile ; whoſe: point -will give the Shadow. Or; it 
may be a Plate of Braſs or Iron, ot. the ſame breadth 'wirh the | we 
Z A which will ſhew the Hour by the ſhadow of. the fide thereof. + * 


IT. 7he Second Varicty : Of South Declining Recli » Pp] OY 
T he Plain: paſſing between the Pole js, Tm _ 


I. By the Projection. 


Our Second Example ſhall be of a Plain Declinin ; RN BF L 
Eafttuard 30 deg. and Reclining from the Zemith: tags 0 we one 
- Firſt, Draw 2 Right'Line A B, for the Baſe of the Reclining P 
and another C D, perpendicular thereunto, for the Ferziegi Line of 


Plain, crofling one GS yp p. as p in Z. 

Secondly; | pon. Z deſcribe a Cucle, 'and thereon let F : 
clinatioffrom A to E,' and draw the Line E W for the DE $29 By 
Circle, and at Right Angles to it the Line $'P N for the 


;-and mo Projet? og nk as hath been before egy. 

"Thirdly, Out of your Scale of Tangbnrs, tells 2 $a 

thnxties of the Plain, and ſet it from ZicH = SING 

the Plain: Alſo take 70 deg. and ſet them 

the Plain ;, and having three Points' A; H 
our PUik, if you take vhie Secarit bf dc 

upon the Line 


the << 


yd 
- 


" Hyviagpovenaded tf Raphn, WO be os 
ag proc far, — Jo fa 
| GY Þ hatas ( ng "ſuch as paſs through - , 
5 Wor, vor by the inerie@ion of ie Ag t. GE LIN 


<6 Po Bee. ff. nb 1 3 { rbnott9 

1. The diffance of the Meridian and Horizon \\ all 
2. The beight of the Pole or Stile above the Plain (reprefeh- 
3- The d/ffance of the Subſtile from the Meridian Fred by. 
4. The Plains difference of Longitude 'Y- 2 


« Y n 
. 
| 


* 
Wo - 


f f , , 


d l 


A” 7 
R #0! 


d all theſe D FL 20A 2M 9 
6 tncle ma t V ” 
Adult Lay > Rakes hs O, y' wilt « | ut: the Priniftive 

Circle in a, the diſtancefromiBrii oy? meaſured pn k-Scale of 


wilt befound to boipt:dog< I pommunb forthe D/ſtapce of ,abe, idhan 
frow the Horizon. 


"2% Fot PR: You aol fifPfind the Pdle of the Great GirhPRQ_ 
{ as liath been'rabght! alfedtly ar-zhe end of che Fourth:Chapter here- 
$ ) GARY wilt be K' 4 Ip afny$'in ſore part 'oHrhe'Equinoial Cir- 
cle, namely, at the [nterſeQion of the EquinoQial and the Plain : ) 
whieh found)LyNaRoler ru tar. P3 irwill, cut the Circle,g &,: and 
laid to R, it will cut the Circle in c, the diſtance & c meaſured on 
tie "C34, will bs foul! ro:þe: c7/dog- 29 min. for Ebenriug6t of 
ov j bny2! 11n * 'd iligm VU 57 tr OUONg ? 9 4 
For 0 Rk: A Ruler laid from Q to O, did cut he: :Cirsle 8 p, 
_ laid from Q to R, it will cur the Circle in 4, the diſtance * will 
found Ly the Scale of 'Chord+246 be 7 Jep.- 3d-mind; for the Difeayon, 
or Sukftiles diftance from the Mer dian. , 


»- 4+ For O P R: (The meatite whe f opog the F; uinofial is 
 ® Lay a Ruler from P to L, it wilt cut Circle 1n-e, the di- 


Sttance/N e meaſured, will bg; fqund 28 deg.':92 mig. for 7he.Plans 
Ko of L ongitude. 
e «Requrſires being found;.-the next work will. be; = , the 
bafour Lirks, which differs nothing fromwhar is doge ig. o ains : 
DWherefore; Laya' Ruler upon 6 4 pede mg FS Sod upon 


\'the- Int ys where this: Hown Curoles ih th Th [744 cut the 
: 'Plain/\f WBp andiwhere.thes Rutter. —_— ock make 


marks or * * '* And rn the Center Z, _ wy through thoſe 
"2adrkfor * * F, ſhall be the: revs; Haw, e le: myſt be 
7 Elevated above the Subſttlt «da PIE Namely 1; 

«deg- '49 MIN. ;,, F os ka a :L.þ rs ” —_ 11 zi 62 
CE2>OÞ.Q-4 5344 tit 02 Ag; Yd 1. 9T 


II. By Trigonometrical Calculation. 


py rhie'Intereftion.of 'UimliCrleler2 of the phere Migh,abe Great 
Circles beongin to this en Plan, there are Confifcered ſeve- * 
rat Jphervca Torah les 5" bare ! Tuvd> By the; reſolving of 


 iwhich; #[the Lu; Mar hoes Requaſites- may he/anaiged :Tbe 
Triangles are HOZ, "I Angled at H, and OPR Foght aged 


atR. 


119 to 54 I» ET 


- I. For the diftance of Fo Meridian from the Harizon on B 0. 


'This-will be found in” the Ri ght Ang fea* (Þ prot TH4#1H O 7Z, 


in which is given, (1.) :The Side HZ SS g.the 4450 echimation. 
Th} as. Angle H Z O 9 deg. the Ao ton Declnatrn 0 find the 
Side! H _ 


. 
4 !, " 
. % » Y 4 *2 Þ 


\ 


Q | As 


0. LAEN.C 


2 4d bavot 5d vim vtec; le 6 
PFIIETY [2 © 3 alaS s wn E-0 >< 
- 19H thit Sihe of Z/H'20 deg} the Redlioation 1: OE 
So is the Tangent-of H Z O $0 deg; the Declinariod - 


 To:the Tangans:of iH O14 14rg- pO; min, (find + 


— Whifer'Goniplednenr 138, dag-: 50 ;Min., 1s, the Ar 
Diflanee. of 'the Meridian from th a Sul an % 
0 21:2 bas (afBoniops »:i; ' nof- 1 (213 
2." For the beight of the Pole gr Stile above the Plain PR: 
2957 890. 5 \ By. HL 90f ,3> tit S311) Tf 343 
\ This\muft be! found cip thet Triangle: P.Q-R, bur. in.ir there oy 
et enough given ; wherefore P O maſt be firſt found, in the a fry 
BIT Thus, 44 e £ 
® anfe | LOW: 3 d ©} 
As the Sine of. HZLO odeg. FF ALER L 366 
| 4s to.the Sine HO, :1,deg. 40 min | | | "i 
So is Z H O the Sioe 99.4eg; | 9.06000 


' To the Sine of O'Z 22 ; deg. 47 mit. | 4.9. youu 


[1 Which' Yubſtracted - Nom ZP::;8 deg! 28 i min; there remains -4 
Ft Milx 7 for rhe Kde'O. p. 10 Tthe.other Triangle, OP Jag 
W7y "now thotww Traurg/es HO/Z and'P RO are like, |ond 
\- '-* the Hnegof Fork vio rand Perpend: erpendicularg, or 
- you may work Rn rooguniee tofnd PR; 
BI. <S1l. þ 


| Kithe'Sing of 70-2204 =yy a he i 
CE 2 ? Fint16 2 TT | 
So is the Sine PO 15 41 mM. f, 
To mole PR x9 tapes. ro POR 


_ 3 For the Diſtence of the Subſtilc row the Meridian OR. 


SIT1LS, L301 "gi? 


In theT P OR; whore there.in ; jven the fides P Q-1 64 
on + hes: PR 13deg-49 min. | A —_— Angle at &: 
. k - > 


As to the Co-Sine of PR 76 deg; 3 min. Dy 


' To the Radins PROys & v\ 9.8352 

- $0 is the Co-Sinc of PO 7, ow | 19 min. '.,, .3.9.00000 
| To the CoSine of Oo R Fs deg, 3 zo min. (2: Dug g627 
' Whoſe t 7 deg. 20 min. "is the fide O R, The Subflile 


diftasce the Meridian. 


4. For 


Ty 


CO EE OW OOO oe ey Eo Ie wo 


"Ho" - 


th. ttt 
—_ 


MA: 


W We gy 


USL Win: - Wi 
- p41 9 +W « nl G Vim 915515 lis ft 
MEINETY 't .,{72 03 © DD 19:41 £ 56d 8 - 
Tg the Site of ZH2o dgy-the Redlioation 1), 
So is the Tangent of H Z O $0 deg: the Declinatiod - 


 To:the Tangdnsrof iH O43 1 deg.40 MIB 1; 11 
 Whtiſer'Gonpledzens 178, dag-- oinie,! is, the Ar 

Diftanee.of the Meridian from th er Hor 1-20v.,. $4 

10 my t1R \Pifon m4 5: i134 {> nortfos 1; EOYRe 


2.\ For the beight-of the Pole gs Stile above the Plin 


b91:" $90; 5 \ 6. I or ,y» tt SOTO wi 343 


 This\muſt be! found cip thet Triangle: P.Q-R, bur, init Ty 


Fo _ > --qv"Py 2 maſt be firſt found, in the 6 ory 
As the Sine of HzO i ol Ft TER my [34oth 
Nun. 198 
-», muacdoglh. 

' To the Sine of OZ +2 deg 47 win. | 9. wa 

Sy Which Yubſiracted- From ZP:';8'deg! 28 min; there remains agidey 


Ft ily Nikos Kdv/O-P. ig the.ocher Triangle O P R +: Abd 
' the Hne+of thei? 


| pou ap work w 


31. Cs rl 


Ye | ' "now fee (ol ce Fojrew rand Verpnd and'PRQf are like, /ond 


rand Perpendicularg, 
wo regs: 4-08 1q _ PR R;: 


IT.E0 


oporrion, 


ed 


ken 7D12 0pm. CS Tri © z  -29-5876y #7 


945 3465 


18. 960593 
9-37794 


_ 3 Forthe je Ditce of rhe Sub row the Mendian OR. 


S091 1.0, $ 
"toy Þ OK; where there. @ 6 given the fides\ PO. 15.08 
PR ag. 6+4eragl ' And the Right Angle .at Rt: To 


APO + Is Dan m. 
To 7 PR I 36 491 m. Forge 


$i Trian. POR 


OR: 


As to the Co-Sine of PR 76 deg, 13 min. 9.99725 
| To the Radius PR O yo Yep, i %\ 98352 
— Fo is the CoSineof e O 74deg. 19 nun. .._ 19.00000 


SL ICITN 5 


Tos Godinent OR $4 deg, zo min 1 gugg627 | 


whoſe 7 deg. 30 min. is the fide O R, The Siftile | 
diftasce the Meridia. ; 


4. For 


2 — — 


4 4 $a Lo wy 298 F x. G C - 
: e . mY 25 , #5 £4 - F = we Fo 
" : ot , 4 s = hd , %; + %- ©» 
ir gTN ” 6 ; LY ts LF @ 08 * 6 "% F © 
"y $I 4%.” + 


"4 4 
| : ? a>: > $ 
| _ | 4 =O -w Porto +5 2%, 
ys Of ©43 #" > o—_ . | C as ths Os Ya ww. « EF % 2 iy bu 
= : C Ov 3 wet <4 | 7 : Pp & : . a © * » A». <Y 
= %H& © s *., " R * 4 2/0 .. q ; 4 3" __ - AY f 
= - 4 > : 4 . x "#6 # ” % pe I . " 
Wake, 34 ev 4 n + $3E 5 * þ : 
© #7 — «” ; kw» 7 _ + 
o * - x 


- vg 
” _ 
_— < % ſhe 
fi Stud p : 2 a 
. =, di hs 
*% 


_ 


_— 


* a — > ——_—_— 


_—- _— — —_— 


— _ 


S; ©ELY, " 
=P v ESC  ORNT7 0 AEM OTF 


—_— Cw 


—_— 


= 


7 & (+ 18. 8 


—_ 


- 


re 
. 


1 13 


RI” 55 Ts 


—— ag” 


-- ear» 


- AY > 
+ © % by 


| DE4LLENG. 
| 4. Pr the Hin Sons LO FR: un 


As the Sine of *Þ O 14:degy hoimkin ih 2 4 unA\ns 12g] 20+ 43 188 


ToP R O Radius 3H A 10.00000 
Sois the Sine of RO 15 £7 £0 min. ind 19. 9-11569 


Tothe Sine-of OP K 23 deg. $2 mig. \ LnidT zi. +6848: 
Q\ 134 %.N ety 52; At 
Which 28 dog! F« min. isthe-Ploine iro C/ Longitude, « "ah 
The next thing you are to ſeek, "Diffonc 2 ex pon! the 
Plas : Fa) l:45,'-þ, OT | 


-The- Plains Defrerence Lani 1 inde, $I 

= ade being,” 23: deg-\.52 EY JM EY oh * 3 
_ is but One Hour, and 13 deg. 52 Jockongen | . 

3 , min. of the Cn Dee oyer; whare- 

ON 


29 


4 a Y 
az "py = + 
a 2463 Io os of OE 7 


W 4 4& 


"Saif. 


4 he ALY Adis a. act a IAA Rats te Ce > Exh 


fore, *The Plum Dechwog. \Eaft.. | 

{<2 award, the'Stile. muſt and between 
£4 "the Hours of ioand 1:1 in-ghs:Fore- .. 
6 - Noon : 'Therefore, | 

I : . 

able to receive, namely, 
' from '5 yh; Morning, tUlL-4: — -=Y) 
_ Afternoon ; and þetwten the Hours; 
- of--r0-20 4 5 1 Where. the,; ſup ffole., 
muſt ſtand, write the word Is 


and under it write 1; deg. $2, min 
which ſubſtrat m__ 15 deg. t ere. 


Min: 


ſach No | NM 
the ſecond Ginn 0f the T28Þe And > |. | ;.6 
now to find the "true Hoi d:ftances | BP 3 | 
NB the Plain : Make uſe” of the - * FATE hd i & a 
ullomed Analogy. Q t C.1} "1 Tint © 26 6 - 4 7 a. 4 


As the Radius go deg. ods 5 Fa IS 4 0.00000 | : 


 lxwo the Sine of. the Syſ de , 9-37866 .Y 
441 76, © Fee he GA * Fr hls 1660795 t 


cot 9 


| — _ _ 


he'? i wn 
TtIS . 9856: 


- full prod 


And thus es? for eve 
as are in the third Column + Het. you hd prod —_ 


f 44 
a5 bp Need (ths oh, 


itn , 


ode 
- « Subſtite, Stilez, or Deflexion, being =P. upon your Plain, your D-a/ , 
is Finiſhed. Hu, The 1 


* w_ 


4 


6o 


Fiourc 


Tangents, and ſet thoch-Homh r0\Fy\ fapvlie\pellir rot \youL WA 


Vip 3 4 bed 


W. RT Gy Soi Beaivibk Redfing Plains 
The Plain paſſing berweenitbe Pole, and WIS a 


 2v1O&H C) ; [ 
I. By the, FrojeRibn; red hg 
Let. this Third Example.btot 8 F - $55 :62y NGF Eaftward 
zo deg. and Recl:ning from the Zenith 5 55 C8 
Fir; "DreW4 right 'bnQA Bi for the! T7 your-B/ain,' and croſs 
it with another Line CE. D, at right gue in 'Z, tor the Vertical 2 
of the Plain,” > 033 0 1 unit; 2 
Secondly, .Ulpon 2 deſcribe a Circle, and upon the perifery chan 
ſet 30 deg. the Plu1ms'Drehrnation" from Cto N,"atid draw: the'Line 
NZ S for the Meridian of the Place, - -ProjeRting. the Sphere) wiehin 
the Circle. __ bo 
Thirdly, Taks55- "ey. F: Reetmorion, from on Seate of Half 


ſer the "An digi gs ety Q; 


RitVinrn noet;rite Rexfrwadren 35 deg; 
"ſet froth | opot1 the Foe ir wi will gov Fethediater whereby Q&c* 
ſcribe it. | 225183 mom "OMEN e20129971 07 91g ts 246 $3. \ 


Fotrtbly; Through P the Poll: off: thd Werld;r and Qiithe Polecof 
the - py] draw the Aral of a Gveat Cr RÞ QC Þy the; 1 pic: 


of the Incrodudtion ) and find 1 the” "Papihadefee Bina, 7, the | Equenotgal 
Circle. 0% 202 911 Logft Nur 
WEE Yougmuſt find theſe Req fires, 1 SUTW 3 i ri brig 
p eSILU 71 (119 n11t Pet 2 nigh 
- The Diſt; ace of tbe Merididaifhomakn Horigpn " 
2:: The He 1hg Pole or Stite whove 164 Plain ff! re- 
. The Dz fb of the Subſtile ome. the pg wy? R- Gu” 
n The _ ifferenct of Lowg Longis. RPO Or YF p W 
JIULO!1 
A which 


e found by the ProjeiFion, in wa _ 
. For O Bi Ruler from; Q_.raO,. it wall .Cut "4 Cirele in In 4p 
a B a meaſured upon the Chond;. will give 64. deg. (41 min. for the 
Diſtance of the Meredian from the Horigon. |, .. þ 

2. ForPR : Lay a Ruler from to P, it will cut the Circle jo. &: 
alſo, a Ruler laid from 4 to R, will cut the Circle in c, the diſtance 


. 6 c being 19 deg; 25 Min. is the Herght of the Pole or |Stile, abowe the 


Plain, 

For RO: A Ruler laid! from to O, did eur the Cirtle in a, 
cad laid from Q to R; it will cut itn d;- the diſtance a d 6 deg--a mio. 
is the Deflex:on, or The Subſtiles ds Macs from the Meridian. 

4 For RP O, (Cor rather & PQ”) whoſe meaſure upon the Los 
nodal i is EL, a Ruler lai trom P. to.L, will cut the Circle in e, 

S e meaſured upon the Chord, will be 17 deg. 38 min. for the pe 
between the Meridian of. the Place,,and the Mei ian 'o the Plain awhach - 
is the Plains xp. ret f Lange 2 By. 


O \ "The 


DIMNELING. 


Ares thus breed, The Yiburolpnes are tobe "NA as 


in —_ ins , by laying a Ruler to ang to the. ſeveral Points 
where the Hour Circles croſs the Plarw ; and whiere this Ruter cats the 
Primitive Circle , make Marks or,,x, x *,, part dre 46mg 


* * #, from the Center 7, driyv Lines, andahey thall be 
I:nes proper for your Plain. 


IL. By Triganomentical Calrulantos > tv 
The Triangles, by the reſolution whereof, the Requiſite Fes 1 may be 
found, we the Triangles'O BZ. KO\F, and ONE tes y 


1. For the Diftance of the Meridia#from the Horizon BO. 


In the Triangle FOZ, you have giyen. ( S The Side F Z, the 
pPluins Rechination 55 deg. (2) The Angle '7 O, the Plains De- 
climatien ; and (3) TheRight Angſeat Fc; | 


As the Radius OF Z 90 deg. \\y 991 2 1 61 Slaton 


Is to the Sine of F Z, the Plains Reclinetion, 55 la———c———_ 
So is the Tangent of CN, the Plains Declinati6n, 30 deg.. g 076144 


To the the Tangenn of FO 5 deg 19 min, __ N0 7967489 


'Whoſe Com Jemeat-is OB 64 de; : fin the 7 ance of tht 
| Meridian from tbe Horizon, ah f T4 


2.: Far the' Height of the Pole or Stite above the Pun PR. 


his thould. *h fongd i in the Trieng'e R OP, b it ther is not enough 


K s wherefore, in the a Trigngle ON Py ou M ih Side N " 
peace the, Side' OP, thus,, *_.. Dol 


| As the Sins of O B'N Radius! 96 dee. 


| 1030008 
| Is toithe Sine. of BO54 deg 41 cln. | ee yDOP 
 $0is the fit of NBO - 3 5"dew, bees. a DT 9784 

<: To,ghe Sine of NO 31 deg. 4 ” | "ue 7 F206474 
"This NO 71 deg. ar ik: eakeh? mY : leaves 
far P O. 


ur deg 32 
y vtemuſes ad Baſds the Triangdes ONB 


20S Cake 


440 are pr Yor may re $vth Rwhe ntly to 

find PR: For, * | | ; 
As the Singpt B O: 644.41 ©. Hyphe: Trang 9.95615 

g- NOB 
..... To the'Sine | of NO 60 acys es 2g: furs OT. 99751 
- 1 the-Sine of P.O 26d, 28 154025 
ES bt HP wn rn ach 19447778 
3 tors to 31% < 17,M £7 - 9.52163 
e\4\\ "= 3 ON UULYS <1: hon 62. 

| 3. For 


62 


P.LAEN 


3. For the diftance of the Subſtile from the Meridian RO, 


"20 24 Bp TAI E 
As the Co-Sineof R P 19 deg, 25 Mun. 9.97457 
P R O Radius go deg. 10.00000 
Ns of PO F deg. 18 min. 19.97215 
To the Co-Sine of R O 6 deg. 2 min. 9.99758 


Which 6 deg. 2 min. is the Deflexion, or Subſftiles diſtance 9. the 


Meridian. 


a. For the Plains Difference of Longitude P R O. 
As the Sine of P O 20 deg, 28 min, 9.5 4025 


To O R P Radius ©|028 1000008 
So is the Sine of R O 6 deg, 2 min. | 19.02.163 
* To the Sine of RP O, 19 deg.3$ min. 9.48138 


Which 17 deg. 38 min. is the Plains difference of Longitude. 


Hour, and 2 deg. 38 min. of the 
_- ns yy 5 3. EquinoRtial Shag » 1t denotes ('the 
Reclinatim {oo | Plain deelining Eafware) thar the 
ECHNELD . ' $t:1e muſt fiand between the Hours 
- I IM LIE: 04 | of ro ahd 11, a ſmall diſtance be- 
Stiles height " " E ond 10: Wherefore, e your 
Di of L l Ty able, and ſer down all the Hours 
Differ. of Long. I MECEY the Phain is capable ro": Feccive, as 
Hours |Equino- LE di. | from 5 in the Morning, till 4 in the 
from | tial di- I Wy Afternoon; and betweeti the Hours 
Noon. | ſtances. aaa of 10 and i1 write Swb/tsie, and uſt» 
— der.it, the 2 deg.' 3$'tnin. remaining, 
BEES: 24.40 ws. ' which ſubltra@t from 15.deg. and the 
þ--"..6 72 22 | 40 17 |” remainer 12 deg. 22 min. ſet over 
[2 557 2217 20.1 Sx4ftile, and by the continual addi 
| 4 | 42 22] 16 $52 tion-of, 15 deg. to) rheſe numbers a» 
9 3137 22] 9 4%] boveandbelow, the word Sabſtiley 
20. 21 22] 4 10}. "you ſhall piodec fach Naibers 
| 0 thoſe Secon of this 
{41 1]. 2 98} DI i = alan. ba t (ons, 
vs e7 33] 6 = for the Hour Difances1 upon 
I, I | ; Plain, they are found by, the 
; i] hr Lmts Frm AQ 1 
_4 s ALLE 90 des. 10.00000 
Tothe Sine of the Stiles heigh t as 9:5 $2171 
 Sois the Tang, Pp kior Fand 4 Clock 9.96002 


This 17 deg-.38 min. is but one 


To the Tangent of PE 72 m.thetrue diſt of thelep 1948173 


Hours upon the Plain from the Subſtile 


And 


DIALLING. 62 


And ſo for all the reſt of the Numbers in- the Table: And having 


found all the Regui/ites, you may by a State of Chords transfer — 
and the Hour Diſtances a » from this Table to your Plain. 


CHAP KXVIIL 


How to draw the Hour Lines upon North Declining 
Reclining Plains. 


Decline, 1o are there as many in North Declizers Reclining; 

for to any Dechnation a Reclination may be fitted, that the 
Plais ſhall paſs by the Interſe&tion of the Meri4:2n with the Eqguino« 
fial Circle. Or the Rechnation may be ſuch, that the Plurn ſhall 
paſs between the Zenith and the Equator. Or, it may recline ſo, 
that the Plain ſhall paſs between the crorge and the Horizon : Ex- 
amples of all theſe Varzeties in order foll | 


L The Furſt Variety : Of North Dining Reclini Plains, 
The Plain paſſing trough the Interſeftion of the dendian 
with the Equinochal. h 


I. By the Projeion: 


Our Firſt Exam le ſhall be of l North Plain decliniy W, ward 
6o deg. and ReeMirng from the Zentth 32 deg 9.17 Nic ic 1 Figure 


* Firſt, Draw a Line AB, trejreſinting the Ba our Reclining XX. 
Plain, "and another at right angles $herero, As Ph the Vertical 
Line of the Plain, croſſing each other in 7.—— D, Z, deſcribe a 
Cirefe, and upon-the Periferie thereof, ſet 64. deg. ( the Plains Dccli- 
nation from C towards B, at N, and from D towards W, at $ , becauſe 
the Plain Declines Weſterly; abd draw the: Line N'S for the Meridsan 
of the Place, and foffini your TIN, <nnnnnn 2 4 

Secondly, Take 32 z.Jegy 11 min. from your Scale of Palf Tangents, 
and ſet it from Z to 6G; upon/theLine C'D, fe ſhill G;! be the port in 
ors, the Flain muſt paſs. Alſo, take 


\ S there were Three Varieties in Seuth Reclining Plains which 


uns .t DAS 77 $a and ſet it 
Q be the Pol: of the 
Gomplement: of the 


CORN thy Go exrended, 'Will' give 


_ aw , being deſc Fog tho G B. -, - 
LT 7 the Sr ihe s and. Q the Pobs of 


the. Plain, Au AR of a of 4, Gre eas ht by the 13th Problem 
of the pH ) which y findto be a1 ame with the Hour 
Circle of Six, - z herelors the Howr Line of Six will be the Sub/7:- 


Lair 


'"RLAIN: 


Jay line of the Dial , wnd the Pole. of this Crete ( by the ply 
of the Fourth Chapter hereof) will be found at & ,- the very poirt 
the InterſeQion of the Meridian with the EqumoTtial. 


Fourthly, The Requiſies belonging to this Tlain are Four; as in 
Sourh Dechners Rechning 3 viz. 


2. The Subſtiles Diſtance from the Meridian , ſe _ 
4. The Plains Difference of Longitude , Y 


All which by the ProjeZFrom may be thus eaſily found. 


1, For A A, Lay a Ruler from Q to, it ſhall cut the Plain ina, 
the Diſtance from Atqya, meaſured upon a Scale of Chords ,. will be 
47 deg. 18 min, forthe Difrance of the Meridian from the Horizon, | 

2. For PR, Lay aRuler fromgtoR, it will cur the Circle in, the, 
Diſtance N 6, "meaſured upon a Scale of Chords, will give 4” deg. 52 m, 
for the Heiebt of the Pole or Stile above the Elain.. 

. For XR. , A Ruler laid from & toR, didcur the Circle ins, and 
hid from ro Q, itwill cut the Circle in c, the Diſtance fron bro 7 
hy; be found to be juſt go deg, for the SubFiles Diftance from the Mes 
ridean. 

4 For QP A, or EPR, thatis alſo go deg, for the Plains Di rel 
rence of Longitude. For it is obvious from the 'ProjetF:on,, that Wk he 
Sides of the Trrangle Q XZ R are all Quadravis, and all the Angich by 
conſequence Right Angles, 


1, The Diſtance of the Meridian from the Horizon, } A k 
2. The Height of the Pole or Stile abive tbe Flaing Cee J, 


The Reguiſites being thus found , the Hour Diſtances may be found 
as in other Plains, by laying a Ruler to Q, and the ſeveral Points v2 


the Hour CGreles croſs the Plamm, and where the Ruler cuts the 
miive Circle, make marks or * * *, and through them, from Z, 
right Lines for the, Hours. _ 
ln this Dya/ the Hour Line of 6 js the Subſzle, od the H Hour Lj 
of N is 90 ore rom it , ſo that they croſs oh es at, 
s, as in all Direct Plains they do... And this Di 
an Her:zontal D4),.for the Laintyd of 42 d. 52. m, HER, Joy, hog 
the naming of the Boar calling 6+ 42 , 2nd 5-11 1c, 


nit 70 
7 i US i 3 
nam if na 3] 
I by Trignomedical C alebation. ik 4j 13 bes. 
tf 5+} "UI. 4 ah 
0 5 1s A \ I S412 
'T find F \Reguifies;, Mayor” Eu wor 


1. For ATE, the eDifine of t the * Meridian from ty Pris: 
angle 7G FX right Aoght es t 


cli on 0 
__ FRY l x 089 MY 


KAT: ; 


As Radius go deg. . P41. 10.00000 


* i a 


"7 the Tangent of B Z G.6o FROG RE ACERL | | .19,23856 
So is the Sine of Z G 32d. 11 m. the Reclination - 9-72642 


To the Tangent of ZG 42 d. 42 m. TL fe 7 #9. 96498 


Whoſe Complement 47 d. 18 m. is zhe Diſtance of the AVI 
from the Horizon. 


2. For PR the beightof the Pole above the Plain. 
In the Quadrantal Triangle PE R, | 


To Radius &K R go is ED EF TIO 10.00000 
So is the Tangent of ZG 32 deg. 11 min.  19.79887 


To the Tangent of RP 42 d, 52 m. | 9.96754 
Which is the height of the Pole or Btite above the Plain. - 


and 4, For the other two Reguiſites 4. the Difanct of the Sub- 

flike from | the Meridian R &, and the Plazns Differente of Longitude 

oem or EPR , they are either of them go deg. as 0 ogg in the 
Projett ow. 


And for the Hosr Diſtances —  TVIEEETY 
they are calculated as the Hour Di- | Dedlination NN." 65 5s 
ſtances for an Hor:szontal Dial, Reclination Th 
wherefore prepare « 7a6/2 as is here | | 
done', - ſetting the ZquinoiFial Di- 
flances againlt their proper Howrs ; 
And then by 6 general ' Analog y 


or Proportzon ſay, 
As Radius go deg. 10. 00000 


To the Sine of 42 d. RT: | 
Y mit. the Kites 9.83270 
eight 


So isthe Tang,of r5 d.c&c. 9.42895 


To the Tangeat of wi BianÞ > on ob 

10d. 20m. : 1926078. | 9, 08s, 

- ESI ene io $54 5; 
and fo for be os Ee 1s te Fab 


(- 
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Figure 
XXI. 


PLAIN: 


I. -7he Second Variety of North Declining Reclining Pliny 
where the Plain paſſerh berweenl the Zenith" and he F: 
quator. | 

I. By the Projection. 


Et this Second Example be of a North Plain, declening Weſt. 
ward 60 deg. and Reclining from the Zenith 16 degrees, 
Firſt draw right Line A B, for the Baſe or Horizontal Line 
of your Reclining Phan , and at right Angles thereunto another C D, 
for the Vertical Lint of the Plain crofling m'Z, — Upon 7 deſcribe a 
Circle, and upon it fromCroN, andfromDroS, et the Plains De- 
clination 60 d. drawing the Line N S for the Mer:dian of rhe Plact — 
Upon which ſet off the Pole of the World at P., and in the Circle pro- 
je the Sphere. : 2 
Secondly, Take the half Tangent of 16 deg. the Plains Reclination, 
and ſet it from ZtoH, ſo ſhall H be the Poznt in the Vertical. Line 
CD, through which the Rech:ning Plain muſt paſs — Alſo the haff 
Targent of 74: the'Complement rot the Plains Rechination , being, ſer 
from Z upon the Line C D , ſhall give the Point Q, for the Pole of the 
Plain—= Andfo —_ three Points, namely'; A,'H, and B, through 
which the Reclining 1ain muſt paſs. The Secant of the Co-Reclingy 
70x, being ſet.fromH, upon the Line C D, extender} will-give Jay 
the Center whereby to deſcribe it. Wes 
Thirdly , Through P, the Pole of the World, and Q thePole of the 
Plan, Tr RE KEEN Fer Circle (by the 1 3 Prob. of the: In- 


w the Arcti'of -; 
3 ud fo Pole thereof, which will beat q, where the 


troduttion. 
Plain crolleth the EquinotFial Circle. y 


£-4% 


Fourthly , Find the Four Requiſites relating to this Plain, viz... 1, 


I. The Diſtance of the Meridian from the Horizon, | A QO.- 
2. The height of the Pot# or Stihe above tbe Plain, (PO Nppr 
b. The Deflexion or SuBſttles Diſtance ſrom the Merid. ſentedgn g. | 
4. The Plains Diff erence of Longitude, by 79 PR. 


; All-which by the Projettvont may be thus found. 7 
1. For AO; A Ruler laid from Q toO, will cut the Primitive Circle 


in 4, and the, Diſtance. A a 64 deg. 29 min. is,.the Merid:ass Diftance 
from the Hor:200.- | 


; 2. For PR, a Ruler laid from g to R, will cut the Circle in 5, and laid 

from 9 to P, it, willcyt the Circle in c ,. the diſtance betwetn © and 6, 

30d. 59g m. is, the-Height of the Pole or Stile above the Plain, 

; 3- For RO, A Ruler laid from-Q to © ,; did cut the Circle ins, 

and now laid from +, 1t will cat the Circle in.d,,: -the diſtance 

: [, + 64 deg. 26 min. is the Deflexiou'or Subſtsles Diſtance fromthe 
eridian. 


4. For OPR, A Ruler laid from P to e (where the Arch of the 
Great Circle Q Þ R crofſeth the Equinoial Circle ) ſhall cut the 


w_ 


Circle-in 5, the Diſtance'S þ 76 deg. 10 min. is the Plains Difference 
of Longitude. fP "S q 


5 


DIALLING. 
Fifthly, For the Hour Diftances, they are found in ;dll Yeſpat as 
in other Plains, by laying a Ruler toQ , and the ye FEC Poins 


a 


where the Hour Circles croſs the Plain B H A, and wh cre t 
cuts the Primitive Circle, make marks or * * *, and from Zi 
thoſe marks, Lines drawn ſhall be the Hour Lines. © © 


IL. By Tngonometnical C alculation.” Anat 


The firft thing tobe done is to find the Reauiſhle | 
1. For AO, the Diſtance of the Meridian and Horizon. 


In the Right Angled Spherical Triangle ZHO, Ri ght Ang led at H, 
there is given. {1) The Side Z H 16 deg. the Rechinalhon® '2) The 


Angle HZO bo deg. the: Dechination. (.; ). The Right _ at R — 
To find the Side A O. 


As Radius R go deg. | p54 - /1-, I0,00000 


To the Sine of Z H 16deg. | 1944034 
So is the Tangent of H 7 O 60 deg. 10.238 + 


'To the Tangent of HO 25 deg. 31 min. b r9:67890 


Whoſe Complement AO 64 d 29 gk is the ie Diſtance of the 
Merzdian from the Hobs 


4 For Þ R, which muſt be found i in the Triangle P R 0. 


In which there is not yet enough given, wherefore _ muſt get 
the Side P O , by reſolving the Triangle H OZ. Thos, 


; As the Sine" 'of HZ O the Declination 60 deg. | 9.9 1952 


| Is:te the Radius Sine go deg; & 10,00000 
- So-is the Sine of HO he Arch ſera Fol) 1 d, 31 1. 19. 9:63425 


To the Sine of 2 O 25 deg; 5o min. 2206; | 9.69674 


Unto which 29 deg 5o min. if you; 6dd. A P 38 de 128 min. the 
' ſum willbe68d.18m. and fo have yod the whok fide PO. 


Now the two Triangles OZH, and R'O P, [being proportional , | 


the Side Þ R may be thus found , 


FY 9 
 * 


| 6 
. As the Sine of 02294. 50... 9.69677 


To the Sine of HZ 16d _ ee io Tri ZHO | 9:4 1024 


| Sois the Sine'of O P.68do! Ky $07 
| __ DIY Sg GL | OL dy | & 9.71264 


Which" 30 eg. 9 _ is the ""_ of. thi Pole or Stik aboye 


the Plain, I ERS "3. For 
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58. DIAL BYNG. 


3. For O R the Deflection or Subſtiles Diſtance frew the 
Mettdian. 5 
In the two former Triatrigles the Sizes of the Baſes, and the Tangents 
of the Perpendiculars being Proportional, work thus, _ 


945749 
As the Tangent of Z H 16 deg, Perpend.2. x... 
Is to the Sine of HO z5 d. 31 m. BaſeSin Trian, ZHO 9.63425 
So is the Tang, of P R 39 d.59 m. Baſe Fin the Tri. ZR o <= 
To the Site of R O 644. 26 tn. Baſe hops 
Which 64 deg-26 min, is the DefletFion , or Subſiihes Diſtance 
from the Meridian. 


4 For OPR, The Plains Differcnceoſ Longitude. | 2 
As the Sine of PR 30 deg. 59 m. the Stiles Height 9.7 t16x 


I EN 
To the Sine of go deg. the Radius .'*:; I0,00000 
So is the Tangent of R O 64 deg. 26 min, the Deflexion 10.32020 


To the Tangent of RPO 76 deg. 10 min. 1.0, 32020 
. 10,6087 


Which 76 deg, 10 min, is the Plains Difference of Longitude. 


: 
> 


5. For the Hour Diſtances, the Plains Difference of Long 
tude being 76 deg. 10 min. 


Pan gp" In this Diſtance is. cantained five 
Declination 60 compleat Hours, and 1 deg. ro tnin, 
Reclination 16 Nang Blaige's 5, #eſe uſt 
Try T5 mT between the AtthR anc th, 
Stiles hetuhn ———_ - Hours from the Meridian. Prepare 
Difference of Long. 76 and write down all the Hozrs, and 
Hrerence a 7 berween the Hours of py end 6, o, 
Hours _ [ial D'- |ſtances rape Say OR _— 

ain declines Ea 

from the [{tances. [from the . 9e\ Weſtward) «7 <liges a E _ 

a4, 1 vnderit, the remaiader 1d, 10 m, 

1 TI againſt 7 and 5, which i ſtrat 

5 - | from 15 deg. and th e will remain 

4 5 P {+ min. which write over 
the hours of 6 aod 6, 


hy bu 


1 3 G85" 
A 
"7 FL And fo, y the continual” addition: 
9 | of 15 deg. tothe numbers next above 


13. 92 | 7.17 | andbelow it , : you thailpro- 
"ub. GA err denfilt bent af- 
© 50d heiwt' fords in theſscond Column thereof: 
_ 16 Þ''$: 91 from; which auntbers, which are 
gs : by Equinoftial diftances, the Trae 
[ 


NJ COW O » 


> 


bour d1tances upon the Plain may 
I bd . 
| 26 bh | Pd be collected by this Proportion. 


yennn—_" 


© = © wo þ'wy 


As 


DIALING. 
As Radius 90 deg. 10:00008 
To the Sine of 3o deg. 59 min. the Stiles height 9.71163 
So is the Tangent of 88 deg. 5o min. the firſt Equi. Diſtan. r 1.691 12 


— 


x1. 40275 


Which is the true Hour Diſtance of the Hours of One and Ele» 
ven, upon the Plain fromthe Subſtile , and ſo doing for all 
the reſt, you ſhall produce ſuch numbers as the third Co+ 
lumn of the Table affordeth , which may be transferred from 


this Table by help of a Scale of Chords; and fois your Dial 
finiſhed. 


To the Tangent of 87 deg. 44 min. 


IIL. The Third Vanety of North Declining Reclining Plains, 


where the Plain paſſeth between the Equator and the | 
Horzon. 


I. By the Projeftion. 


Ur Third and Laſt Example ſhall be of a North plain, Declin- 
() ing Eaſtward 60 deg, and Rechmng from the Zenith 5 q deg. 
Firſt, Draw aright Line A B for the Horizontal Line, or 
Baſe of the Declining Reclimng Plain, and croſs it at Right Angles in 
Z, with another Right Line:CD, for the Vertical Line of the PLiin, — 
Upon Z, deſcribe a Circle, and upon it, from Cto N, and frow D to 
S, ſet 6odeg. the Dechinat zon of the Plain, and draw the Line SN 
fot. the Mer:dian of the Phare , 'upon which ſet off Þ the Pole; and E 
the Equinot:als interſeQion therewith z and Proje# rhe Sphere within 
the Circle WNES, as formerly. | 
Secondly , Take the half Tangent of 54 deg. the Plains Reclination, 
and ſet itfromZtoF, ſo ſhall F be the Point in the Vertical Line 
CD, through which the Rec/;n:ing Plain mult paſs Alſo the Half 
Tangent of 36 , the Co-Recki4ton of the Plain, Tet from Z upon the 
Pertical Line CD ſhall give Q for the Pole of the Plain — And now 
ou have three Points, A,Band F,, whereby to draw the Rec tinin 
Plain , and the Secaxt of 36 deg, ſet from F upon the Line C D, will 
give the Cewer, whereby to deſcribeit, | © 0 
Thirdly, Through P and Q,; the Poke of the World, - and the Pole 
of the Plain (by the 12 Problem of the Introduttion ) draw the Arch 
of a Great Circle Q P:R',- arid find the Paferhereof , which will be at 
q the interſeion of the Plam with the Zparmottial Cirele, 
Fourthly , You muſt next find the Four Regui/ites belonging to this 
Plain, VIZ- TI AG w0l 22:2 = 
t, The Diſtance of the Meridian from the Hwizox, 7. 
1. The H, A ebe of th Pole I above the Plain, ( "oPie- 
2: The Deflettion or Subſtiles Diſt. the Merid. ( 
& The Phains Difference of Loagitade , © J 7 
All which by the ProjeF:os may be found 3s followeth; 


T 


ſented 
by 


70 


PL AITN;. ; 


1, For AO, A Ruler laid fromQ to O, will cut the Circle in PL 
and the Diſtance A.z meaſured upon the Scale of Chords,will be 35 deg, 
>1 min. for the Diſtance of the Mer:id:an from the Horrzog. 

'\ 2, ForPR, A Rulerlaid from q to P will cut the Circle in 6 , and 
Jaid from qto R it will cut itinc, and the Diſtance 6 c meaſured 

the Chord will be 54 deg. 43 min. tor the Herght of the Pole or Site 
above the Pan. 

;. For OR, A Ruler laid from Q to O, did cut the Circle in a, and 
laid fromQ to R, it willcut itine, ſothe Diſtance a e is I2; de 
19 min. for O R, whoſe Complement to 180 deg. is 56 deg. 41 min. - 
R X; the D:ftance of the Subſtile from the Meridian. 

4. For OPR (or rather its Complement OPQ, equal to XPpR 
A Ruler laid fromP to L ( where the Great Circle Q PR cuts the Fl 
qunoftal Circle ) will cut the Circle in h , fo thediſtance $ þ 6, dep, 

7 min. is the F /ains Difference of Longitude. | | 

5. For the Hour Diffances, they are found by laying a Ruler from 

. to the ſeveral interſeQions of the Hoxr Circles of the Projettion 
with the Reclining Pain, and where the Ruler cuts the Primitive 
Circle, make marks or X*#, through which Pozyts or marks — 
you draw Lines from the Centre7Z, they ſhall be the true Hour Lines 
tor this Declining Reclining Plan. 


of 


ES 57 


IL. By Trigonometnical Calculation. 


The firſt thing to be done is to find the Reguiſtes , and they will 
be all found in the three Spherical Triangles ZFO, OPR, and 
BNX. Sita 4 

\EIE3 tf 

1. For AO, In the Triangle ZFO, there is given (1) ZF't 
Plains Reclination.(2 ) OZ F the Plains Dechnation, and( 7 ) Thy 
Right Angle at F. To find O A, or its Complement O F; '\ oo 


As the Radius go deg. | | \ mo1i (©atl 


To the the Sine of Z F Reclination 54 deg, 9, 9.9 
So is the Tangent of O Z F, the Dedljnation, 60 deg, .* 10,2385 


Tothe Tangent of FO 54deg. 29min, - ? 7 2 wn 4658 


Whoſe Complement is A Og; 1 min. for the $1b/IIFh 
Diſt ance from the M0 Weg. 31 | os | 

We ks pt \- pov; Lan | ori 

2, For RO, In the TIrianglewO PR there. is'not yet enough given; 

therefore firſt find the idg#£D, in the Trignfle:O ZE oh + 


3 13 bon 7X55: 
- =_— * ' 


n *N td 1 [L502 
As the Sine of the Plaing ation OZF bodeg. . 9.93753 


To.the Radius go deg..." fb ICONS .©0000 

Sois the Sine of the Diſt. 6f the Mer & Hog OF 544d.29'\m. -doides 

To the Sine of Z\06 teg. 2 min. A arty hy 
Unto this 70 deg, 2 mig. add 'ZP 38 deg. 28 min, he 010% 
108 deg. 30 min. hag FA EE 


; Thea 


.. 


Then by the two Proportional Triapgles 0 ZFand © PR. 4 


As the Sine of OZ 70 d. 1m. Hypot enuſe Jin the Tria, - © 
To the Sine of Z F 54 d. Perpendicular to FZ 9.9079 


So is the Co-ſine of P O to 180d. 71d. zo m. Hyp. in the Tria. 9.97696 
To the Sine of PR 54d. 43 m. Perpendicular SOP R ogg: 


9.91155 
Which is the Height of the Pole or Stzle above the £aig. 


' 


2. For R O, or its Complement R X_, Continue the ſides O P ad 
OR, of the T-canzlr OPR, and you ſhall conſtitute another - 77. 
angle NX B, and then the Proportion for finding R O- will be 


As the Tangent of ZF the Reclination 54 dep. 10,13874 


Is to the Sine of F O,the Co.diſt. of Mer.& Hor. 54d. 29 m. 9 91059 
So is the Tangent of P R, the Stiles Height 54 d. 43 m. 


IO.15FO2L 


pI 


<— 


———— 


To the Sine of R X 56 deg. 42 min. 20.06080 
9.92207 


Which 56 deg. 42 min. is the Subfiiles Diftance from the North 
part of the Meridian, whoſe Complement to. 180 deg. is 


123 deg. 19 m. its diſtance from the wh part thereof. 
4. For the Angle OP R,,or its Complement RP X, 


As the Sine of P R, Stiles Height 54 deg. 43 min. 9.91184 
Tothe Tan. of R X,the Sub. diſt. from the Meri. 564. 42m, 10.1385 1x 
So is the Sineaf PR X, Radius godeg, © 


To the Tangent of RP X 6r deg. 48 min. 


I ©:0Q0000 


10.27067 


RP X being 61 deg- 48 min. is the Angiecounted from the North 
therefore the p £7 OPR, the Complement to 180 deg. is 


118 deg. 13 min the Plarms Difference of Longitude reckoned 
trom the South. - Be 4 "# SEX + a 


Theſe things prepared , T proceed to make the Table for the Hour 
Diſtances from the, ot wherein conſidering that the AngleP, the 
Plains Difference of Longitude is 1 1.8 deg. 12 min: reckoned from the 
South, wheteof] 9a.deg; is 'anſwerable to 6-Rours, and 26; to 7 Hours, 
and there is yet- remaining.z 3 deg. 13 min: ttistvident., for the Sub. 
file muſt be drawn between the Seventh and-Eighth Hour from the 
South part of the Meridian , or between the Fourth or Fifth Hour 
reckoned from the North part. 


Wherefore ſet 'the Hours'down as in the Tub/e , and between the 
Hours of 4-or $, and 5 or 7 wtite Subſite , - iaigg the remainder 
31 deg, 13 min. under Subff;/e, ant the Camplement thereof to 1 5 deg. 
vis. 1 deg. 47 min. over Subſite," and by the cotipual addition of 
t5-deg:; to both theſe numbers, you ſhall produce the EquinoiF:ial Ds+ 


ftances 


7\ 


p 
P 
: 
3 
"x 
6 
: 
| 


P14 4 I. 19 


| 


ſtances as in the Second Column 
the Table. And choſe by the gene- 


Latitude "$4" 
Declination 60 OO 
Reclination  .- 
Dit. Mer. & Hoti. 35 31 
5iles height 54 4. 
| ; 123 19 
DefleRion 3 56 4. 
Differ. of Long. IP *, 
DL £2 1 Hour di- 
Hours Equino- ances 
from the {tial D:. ffrom the. 

Subſtile. Mances. jSubſtile. 
-D. M. | D. M. 
i 1 90..47 1.30 ,97 

12 | 61: 47 | 56 41 

1 11146 47] 42 59 

2 10| 32 47] 26 50 
3 $9416 47 |] 13 59 | 

4$ <8] 8 47 27 
The Sub- ſtile. | 

EE 7436-3 A 40.08 
6 6]28 13}23 39! 
20S & & - &9 | 
8 4155 13] ; 48 

9 3|7z3 13 | 69 '43 
10 2 | $8 172 | 87 49 
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ral Canon , will help you to thetrue 


Howr Dsiftances upon your Plain 
—_ " 


We) 


x 


f 


As Radius go deg. 10,c0000 


To the Sine of 54 d. 
þ 9.91185 


4}. M, the Stiles 
Height 
So is the Tang. of 28 d. 


13 m. the 7qui-Diþ 9.72963 
for 6 aClock L 


To.the Tan. of 23 d. 
70 th [ 7964148 


Which is the true Diſtance'of 
the S:x a Clock Hour from 
the Sub/{:/e of the Driah. 


And thus continuing this Propor 
tou through all the Equinottial 
Diſtances, you will in the end have 
ſuch nambers to every Howr as the. 
third Column of the Table ſheweth, 
which 'are the true Hour D:ſtances 
pes from the Su&/{ile upon your 
Plain, 


The Meridian, Horizon, Sub[tjl:, and Hour Diftances, may be tranb 
ferred from this Table to the Dial Plas at pleaſure, by help of 
large Chord and Beam Compaſſes. 
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the: Latitude of the Place, and is alwyys given,.. bg 


ridian; 
andthivis always 


, wh; 
iP L 4 IN (1 Fi 
{iS \ 1, 63, $1493 \- 


thereof , which drawn t 

of each Hour from D, and 
E , and thecontrary 5 
'and all:, \ro'the 


arc divided ve from the other. f 
wards, - and' the Axis SF , with the Hours pointing upwards to-[the 
North Pole ; and the Axis NG, with the s thereof , point 
downwards towards rhe South Pole, -and rhe whole Diurnal Areh 
16 Hours ſupplied by the two Plains; the Incliner receiving theo 
at Four in the Morning,and the Recliner continuing the ſame till Ki 
at Night , and when the Sun forſakes the Incliving Face, it illumingggs 
the ACT or upper Face — And for furtherSatisfaRion and: 
nation of what in this Chapter hath, been delivereg, - Let the 
Face, or theRecliner A'SF, be turned about till it become the nes 
rt, or the Incliner BNG, and after this converſion, let the Hout 
ines on the right hand of the Subſtile near D. in.the Recliner; zb& 
made the Hours on the left hand of the Subſtile, near E, in the lnglþ 
ner; andthe contrary , which may eaſily be done, by Vppal 
AFS to be carried about the Center $ Horizontally . {with the'ireſt: 
the Dial.) till F become placed in G, andA. in B, and then you;fhill 
ſee the Incliner is the very fame as the Recliner was, . and ſo by conſt 
quence the one formed out of the other. 


'20W 
'CHAP.XX — 

A Synopſis, or Abſtract, of what bath been delivered mbri# 
large, inthe fore-going Chaptcrs of this Tractate. :-- \.;@ 


N this Cbapicy 1 ſhall only (give. you an account of 'whar things 
Gives and what are | oe gb Plain, ' and Pr — 

% by which thoſe Requs/tes are to be found, and not particular F# 

{, Fi in Numbers, as isalready ly done, yer ſo, that thew 


in the general , - may/be ſeen in this ar one; view ,; and 61 
Ih.!l take them in On” Ea Ark with! | AC37JE ow 3 Was! 23 


L 'Verrical or Horizontal 
In theſe Plains R_—_ 


between the Pole of 


Pains,” Chap; 
th, © | 


World and 


x 
| [Xx mY ,' {15 ©2H98 

IL 7he Eref Dirc.? South axd North Plains, Ch. X. Fig/H 8c18. 

'n theſe P!7.s alſo there is nothing required burthe.Arch ofthe M6 

| Jed between the Pole of the/World: and'rhe Plain” 

equal to the Complement of zhe'Latitnde, and 
[9 13393 VLG Þ 


alſo given. 


UL EreftDbol] Eait end Welt Tying, Chip 
the Poles of © 


3" "a RY p 4 VETS LYLE, 4G. « . i ut w—_ 3 - - - , --" : "7 3 , . P 
F . Na a0 _ &* Se Þ 4 PTY +> \ " 4 +9 Fo. for F SY % »* Yo Lo; 5 ys . "IC PV -&* IP s bo” ” 14d | . 
by - l [1 þ " w; *© a - " l "* &= 1 ; T I, > ”, p : 
5 "= > £ 4 y, , nog # ; | 6 
> iy > | 
0 # "Rn 
” rt . ” 
| L : N Y . - : — w >. - P. 
- FF, / A ID= * E . G , 
a P +. v. £ 
# 2 
, po 


'Nofth 214 South EreS Declining Plains, Ch. : VI& VIE 
IV and South Ere cher no fo ed a 


In theſe Plains rwo things are given, $ muſt be1 
the Dial can be made The things given are ( 1 ) The Latitade of the Place 
( 2 ) The Dec/inatron of the Plain/— Thetbings:required are (x) The Arch 
of an Azimuth Circle between the roy of the World e Plain, And is 
ealled The Height-of the Pole or Siile the Plain, ( 2) The Arch of the 
Plain between the Meridian and the Subſtile , and is called, The Defet#ion 
or Subſitles Diſtance fromthe Meridian. ( 3) The Arch of the EquinoQal 
Circle comprehended between the Meridian of the Plain, and the Meridian 
of the Place ; and is called, The Plains Difference of Longitude, ERg 
1. For the Herght of the Pole or Stile above the Plain, 
As the Radiu, =_ | | Jo the Co-fineof the Plains Declination: : 
So is the Co-ſine of the Latitude, . + . , Tothe Sine of the Stiles Height. 
' 2. For the DefleQtion, or Subſiiles Diſtance from the Meridian. 
As the Co-tangentof the Declinatign,, , -. To the Radius : 
$o is the Tangent of the Stiles Height,  . To the Sine of the DefleCtion . 
; 2/0 3. For the Platts Difference cf Longitude, © 
As the Co-ſine of the Latirude, | o the Radius: ' 
$0 the Sine of the DefleQion, To the Sine ofthc Plains Diff. of Longitude, 
V. Dire Eaft or, Weſt Reclining Plains, Chap. XIV Fig. IX. 
In rheſe Plains ( as in upcight Plains.) two things. mult be given, and 
three required before the Dial cart be made. — The « <-ha given are ( 1 ) The 
Latitude of the Place. ( 2 ) The Reclination of the Plain. — The things re- 
quired are the fame as in upright declining Plains, namely { x.) The Height 
of the Stile or Pole above the Plain. (2) The DefleRion. (3) The Plains 
difference of Longitude. T We | | 
1. For the Height of the Pole or Stile above the Plain, 
As the Radius, bY | To the Sincof the La : 
Sothe Sincof the Rechination, To the Sine of the Sales Height. 
2. For the DefleQtion or Subſſries diſtance from the Merid1an. 
As theTangent of the Reclination, — Tothe Tangent of the Stiles Height * 
$o the Radius, | ph + a £, PR. amo, owes rg 
| . For the Trains Difſerence tude. ': 
As theSine of the Lilrade, -1+\4 To the AY BE 
$o the Fine of the Deflexion, | | "+ Tothe'Sine of the Plains differ. of Longiude. 
VI. Diref South Reclining Plains, Chap.XV. Fig. XXL, XIL + 
In theſe Plains, the Latirude,of,, the Place and the Reclination of the Plain 


being given , there is nothing. required but the Arch of the Meridien com 
hended between the'Pole of the World and the Plain \, which'is, The Erighs 
of the Fole or Sttle above the Plain ; and intheſe South Recliners it is thus 
tound — Subſtrat, the' Reclination from the Complement of the Latitude, 
or the Complement'sf the'/Latitude-from the Rdlination, aid the difference 
is the Height of the Pole or Hile aboverbe Plain + And note,. w 


, CEqual to. 9: Plain is EquinoRizhes Fig, XV. 
If the Recl- YE. , theyaant's: 5 £21 191 
Ne han South's oo erate, © 


Plains, Chap, XVI. Fig. XIE XIV, "XV. 

Red ep meg re oth 
in theſe s tODE LOund, DuT tae r ne. 

tween the Pole and the Plain, which is the Niles Height. "And in Non 

Recliners it is thus found — Add oe Company of the Latitude of the 

Place , and the Reclitiationof the Plain together , the ſum of them (if un- 


der go deg, or the remainer to 180 deg. if above go deg;) is the Height = 
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P L IN DIMUMLING. 
XII and XIV,., -; 
 1South Reclanne Plains , | 68% 
* tha, xv XVE, FVil XVI, and XIX: 


In thee Plains three HE moſt 'be$}ven , and four things ſonihet chafing 
the Dial can be drawt,— The things aka are ( r ) The Latitude of -the 


(ace: (2,2 T "And (3). The Reclinzrionof rhe PlainiThs: 


The Declipation 

things required are (1 c Diſtance 'of *the Meridian and the- 
(2 ) The Height of the Poſe above the Plath, (3 1 The DefleQion; or 
ſtiles Diſtance From the Meridian, (4) The Plats, ifference of Lo 


11+ For the Daftance of the Meridian fromthe Forizon, 
As the Radius, . To the Sine of the Reclination: cb 314344 
So the Tangent of theDeciica iGh, © Totht Ca-Tangent of the Dilt. Meri. anti Horkias, 
2. For the Hezght / ihe Pole or Strle above the Plats, -* 
As the Sine of the- Dechpatot, = WS on ten ood ror iter: oflorhgh 


Sois the Radius, | 41 
If this Fourth Sine be e qual. fo rhe © weraray ihe Plain i IS an | Equino&al 


D.cliner ; = if it be lefler than the Co-Latitude, fubſtraR i it from thie' C6. 


Latitude, ng. the Remugioge, ch en 

As the Sine of t Je Arch - Yo the Sine of the Reclinatioh' (6h) Plain, 

$0 is tlie Sine of the Remaihder before found; To the Sineof the:Height of 'the rode 

Jo C4udk rhe De on {ans ben vr pa from. tbe Srrvdony 5 ; 
|| 


miſts 1 


As the Co-Sjoe'ofthe'St To'the Radi 
Jo rhe $ive fihs firſt —— To the@>-Gne of theNefleftion 
F298 4. For HheliP tains. Differince of: Longazude, ; i 
As the Sine of the rf Remainer To the Sine of the Deflaxion. - 
So is the Radius, Tothe Sire. of the-Plains difference of Longitiide. 
TX. North Declining Reclining Plains, 4h 
\ Chap. XV1UL. "F72.,XX, XXI;KX0E" "Goo +4 2.208 


In theſe Nonth Recliners Declining Phins, ite Fai 
given, and rheſame four things ſgugat,as were | in South Recliners 


And they are thus found. \. 


three thin at be 
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iSouth Reclaving Plains , 3 {£5 iQ : a ; 
af XVI. Fre. X IT XV, and XINC it 2 
In Mets Plains three things moſt be$ivet, and four things ſoughe beſo6'- | 


the Dial can be drawn — The things given are Cr ) The Laritude of thy 


Place. (2 2h The Declp afioh "Ang (3), The Reclinzrion of the'Plain;=4Mig* 
things required are ( Thc Diſtance '6f *the —_—__ and —_ 


(2 ) The Height of lt Ly e above the Plaih, (5 x 298 of 
ſtiles Diſtance from the Metidian, (4) The Plains Lbs of Log Logon is {3 
1+ For the Diſtance of the Meridian from the Hori z0n, | 
As the Radius, :-.... . To. Sine of the Reclination : >. A tak 
So the Tangent of the Dedivatish;* Tothk Ca-Tangent of the Dilt. Meri autibortiad. | 
2. For the Hejght of the Pole or St1le above the Platm,. > | 
As the Sine of the Decknajos, | Th FourtWWib: 11s lt  un0Horhek 
Sois the Radius, "Te rth\Sme.- 1414. T 2543 of 
If this Fourth Sine be'e Qua Lto the > itude,'the'Phairt is an E quino&ial 
D.cliner ; bur if it be lef br Shan the Co-Latirude,, fubftre® i it froim riie'0s. 
Latitude the iner. (11 F ON 
As the Sine bf c OE I iN Ta  Remgio I ORR of the Reclinatioh' 4 (i Plain, 
Zo is = Sine of the Remainder before found} To the Sineof thezHeight of 'the Pn 
.* Fot rhe De tffron,' or Subftiter Drflance from the Meridjan, + 


L 


$o the Site fthe firſt Rertiner, To the-Gb-kine of theDefleQion. BR ? 
4. For the'Plains. Difference of  Longezude, -4 aff 
As the Sine of the rf Remainer To the Sine of i Deflaxion. 
So is the Radius, Tothe Side. of the-Plains difference rag 
i | Noth Declining Reclining Plains, 1 i; 
ap. XVIIL Fie.. XX1I,'XXTE 31) 12 KS 3: 26k 


In theſe Noth COB lining Plains, "the Fhree thin $muſt be 
given, and theſame four en ſqugat,as were i in 1 South Recliners Peklitity 
And they are thus ET @ 3Y'\ % {Tap vu "mY 27", 
L, For 1 e tadr ſ or, :an and How EE 

"Arhe Rddiils,/ 7 ; 2:7 19 '7To'thelTangenrt of Rats AE 46-37 2 oe 
$0.is the Sine of te Recſiyation,. Tothe Go: of the diſt. of Meri, and { Htidon, 
nan 4 51H 40 ta For the. Bhs of el he” 

the Sine of ap Decking Ta® 


ſineDiſt, xirrh: 
We this © lev 0 .; LY the | ſhent of che tatirude , nd 


7 % 


"As $0's $a LY 
t 
"Tothe Ss Peron 
wat polo yen & Fo 
nem | TotheSine of the 
b- Es we Plain, - Torho Sine x & 


wo Fits 
Fen of ther 
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oiehPy 
And thys Wake _ tie an cadibant of — 
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Several Ways how'to find theimus Places 2 the Sale, 
Subftile and Meridian: ' As "alſo how' to draw. the 
Hour-Lines' 7 0por. all Plain vor earn: their due 
Poſitions. | T2 


[14/7 
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The Second TR. AC hi TE. 


z : ren 1 
Q01910407's H 


N the IR -going 7 EPs, havicg Nady infifted upon all ſorts of 
Plains, upon which Dials are uſuall made, and ſhewed the reaſon 
of each Plin deduced from the Sphere ; T ſhall in this Tra: 
Hate be more brief, ſhewing aly how che Places of the Stle, Sub- 
file, Meridian, may be found upon all forts of Plains, "ſeared in 
their true Places and Poſitions, and! from theo to draw the Howr- 

Lines. And therefore to ſay nothing of the Horizonrd, Full” Norrh; South}, 
Eaſt, or Weſt Plains, whether Fre or Reclining , I ſhall immediately begin 
with Upright Declining Pliins , and from = to South and North ET 
Plains, giving but one Example of each kind. | 


oF 


__— 


DD — — 


C ua. 1, 


How to find the Place of the Subſtile; Stile, wid Metidian-,' ad how td 
rap the Hour-Lines'upm a1 ; Eee Declining Plain. 


Ur. Firſt Example ſhall bs'of ati tprigh Plain.decliging from the Figure 
() South Eaſtward 30 deg. in the ps of 54 $i mi. of 


Upon'C, as a Center , __—_ os Wada Q, and with l. 


the ſame diſtance of the C 
Center of the Dial) deſcribe at 5 Compal fa Meter Lo Tec of 91171] 


deg. 28 min. the Complement of the Zetita £ the Plice, fr Ct Lad 11 
draw the Line AL, prolonging it t9 D:; AG, ke, 30 deg.the 6 Dt nation ; 
tne 


g9O 


GEOMETRICAL DIALING. 


Plain, from Q to X, and draw the Line X C, prolonging ir, if occaſion be, 
wn. upon C, ih the —— CD, deſcribe 3h occult Archof a Circle, con- 
tinuing it, tift if concOr with the Line X E extended inS :"And from $ let fall 
« Perpendicular yoo the Lidge Q C extengſed in R. T 24% 

Then make CY <qualto-R S, and dfaw A Y for the Subſtilar Line of yok 

Dial : Then upon Y, ere& «Perpentiietar Y G, making Y Gequal to*CR, 
and, through Gz draw AG for theStzle of your Dial. 

Then ſetting dne foot of your-Compalles in Y, with the other take the near- 
eſt diſtance to the Stile A d, and krthat iſtagce upon the Subſtile from Y to 
©, So ſhall © be the Center of the Fquinoitial Circle , and the Line GY ex- 
rended both wayes, ſhall be a Tangent Line thereto. 

Upon © as a Center deſctibe a &emicireleiD * F repreſenting one half of 
the Equinottial Circle, which done,lay a Ruler from © to P, where the 7 angent 
Line crofſeth'the Meridian or Line of 1:2.'; And where the Ruler crofſeth the 
EquinsZial Circle, which is at *, there begin t9 divide the Semicircle inco 12 
equal parts. A Ruler laid from © at the Points © ©'©, &c. to every of thoſe Di- 
viſions © © @,&c the Center of the EquinoQial Cirde,1 ſhall cut the Tangent 
Line in the Points 5,6,7,8,9,10,11 on the one (ide,and at 1,2,3, 4 on the other 
ſide of the Meridian. Laftly, Lines drawn from the Center A, throughtheſe 
Points in the Tangent Line, ſhall be the true Hour-lines belonging to the Plain: 
And that the Srile and S «bſtile are rightly placed, ſhall be thus demonſffrared;— 


DEMONSTRATION. 
The 7rigonometrical Canon or Proportion for finding the Subftiles diſtance 


from the Meridian being, As the Radins, [5 to the Tangent Complement of the Lu 


titude ; Sois the Sine of the Plain's Declination ; To the Tangent of the Subflite's 
diſtance from the Meridian. | 5 
Now A C being Radius, C ID is the Co-rangent of the Zatitude, the Angle 
C AD being 38 deg. 28 min. by ConftruQtion. Andif the Co-tangent CD 
be made Radivs, it 15 manifeſt that the Size of the Angle X C Q, the Degli- 
nation , ſhall be made thereby the 7angent of the Sefiles diſtance from the 
Meridian, \! C. 224 
In like manner it may be proyed , that as the Radius CD, is to CD the 
Co-ſine of the Zatitude ADC: $0 is R Cl, the Co-ſine of the Declination; 
toRC, the Size of G A Y, which wasto be demonſtrated. | 


—_— 
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How to find the place of the Meridian, Stile and Subſtile, in Declining, 


Declining Eft 30 deg. 0 min. 
Reclining —— 55 deg. © min. 


Raw a right Line L G, repreſenting the Baſe of the Declining, Re: 

din un ; In aoy part thereof, as at XereQt a PRINT « ” 

XW for the Vertical Meridian, extending it of a ſufficient Lengrh.: 
Allodraw another Line as QS, parallel to LG, at any convenient es | 
pon 


Example 7. Of « Sith Plan) 


bag 4.32 


GEMOETRICAL: DIALING, 


Upon X as a Center deſcribe the Arch of a Circle, and thereon ſat 55 deg. 
(the Plains Reclination) fram stob, anddraw the Line X 6, extending it till it 
meet with the Line Q Sin N. 

Then upon A (as a Center) deſcribe a ſmall Arch c 4, and upon it ſet off 
Zo deg. equal rothe Declination of the Plain, and draw the Line A B, between 
the two Parallel Lines: | | 

Then making X C equal to X N, draw the Line C B, ſo ſhall Bbe the Cen- 
ter of the Dial, and the Line B C the Meridian of the Plaze , or Home Line 
of 12. | 

Alſo, make A Me<qualto AB, and upon M (as a Center) deſcribe an Arch 
of a Circle e f, and upon it ſet 51 deg. 32 min. the Latitude of the Place 
from f'to e, and draw the Line Me, extending it till it cut the Perpendicular 
Line X W 1n Z. 

Likewiſe , make A K equal to A X, and AD equal to A N, and draw the 
Line K D, till it cut the Line X W, and prolonging it farther if gced require. 

From Z, let fall a Perpendicular to K D, in H, and taking the length K H in 
your Compaſles, apply that diſtance from B (the Center of the Dial) to R in 
the Yertical Meridiaw, and draw the Line BR for the Subtile. 

Laſtly, from the' Point R, upon the Line B R, ereQ a Perpendicular, as R E, 
making R E equalto ZH, and from B to E, draw BE for the Stile of the Da 

Now this Line R E being produced both ways ſhall be a 7axgezs tothe E- 

or, Whoſe Semidiameter maſt be equalito a Line lerfally icularly 
trom R to the Stile, and that diſtance = 2nd ſer upon the ile from R, 


ſhall be the Centre of the Equator, which _ yo_—_ and: Points found in 
| according to the uſual 


the Tangent Line, the reſt of the Dial may be 
manner. 


Note 7. If the Point Dfall jeff into the Point Z, the Plain paſſeth through 
the Pole, and the Plaiz isa Polar Plain, and ſoit will doin a South Plain 
Declining 30 deg. and Reclining 34 deg. 32 min. in this Latitude of 51 
deg. 32 min. 

Note IL. If the Point D, fall above 7, the Plain paſſeth between the Zenith 
and the Pole, and the South Pole is Elevated, and ſo it will do in a 
South Plain Declining 3o deg. and Reclining 2odeg. in the Latitude: of 
51 deg. 32 min. 

Note 111. If the Point D fall below Z, the Plain paſſeth between the Pole and 

. the Horizon, (as in this Example) and the North Pole is Elevated. 

Wate IF. That although there will be conſiderable variation in the Schemes, 
by which theſe ſeveral Yarieties of Declining, Reclining Plains are 
drawn ; yet the conſtruftion will be the ſame, for ſometimes the Point 
H,which here falls on that ſide of the Yertice! Meridian which is next 
toS, ina South Plain Declining 30 deg; and Reclining 20 deg, will fall 
on the other ſide thereof towards Q. ' Mkevyils the bore of #2 , that is 
BC, which falls here between the $#6/tile the Horizontal Meridian, 
BA: wouldin ſuch a Plain as I aft mentioned fall between the Axis and 
the Sabſtile. | 

Note Y. As the Reclination of ' ary Plain increaſes, the Points N,C and R 
all approachnearer to A, beret Ok the Rechimation is 9o deg, they arc all 
co-incident, and {0 vaniſherh- into-an Hwitow af Dial, whole Swb/tile will 
beBA.  And'f the Detlinetionbe increaſed; atlength the Points B and 
M, will be co-incident ,' and the Dial Plais will be parallel t6 the Prime 
Fertical, and the Dial a South Dia! whoſe Subſtile may be T A. 

DEMONSTRATION. 
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41 

The Center B is taken at pleaſure, in any part of the Horizontal Meridi 
an: For the Parallels Q S, and LG, might be nearer or farther: off, only gh 
Diagram would be greater or leſſer accordingly a0 VEL 

Now becauſe X C is equalto X N, the faceof the Reclining Plain X N ſhall 
cut the Vertical Meridian X W , and let it cut inthe Point C. 'S 

And becauſe the Line B C ſubtends both the Meridians BA and AC, and is 
drawn upon the Plain from the Center, it ſhall repreſcntthe Meriaian of. rhe 
Place : For the Sun enlightning the Point C, at 12 a Clock in the /ertigg 
X W, andat the ſame time the Point B, inthe Horizontal Meridian AB, it 
ſhall at the fame time illuminate the whole LineB C, ſoas the $1/e of the Dial 
ſhall ſhadow the ſame juſtly at the ſame time. il 

Again, becauſe the Triangles ANX and AKD are equiangular and e- 
qual : If the point W be the Zenith, (the point X ſuppoled-to be laid; 
on the point K) the Lines KD and X N will' be equal; and the | 
AKD, equal to the Feclination: K D) ſhall then truly repreſent the Rechn- 
ing Plain. | np 4a 

Moreover, AM, being equal to A B by conſtruQtion, and the Angle A MT, 
equal to the Latitude, the point Z repreſents a: Pole of the Equator, becauſe the 
Axis M T, and the Meridian AT, meet there. w_ 

If therefore from the Pole Z, a Meridian TH, do fall upon the Plaix KD 
(or the back ſide thereof) at right Angles, it ſhall fall upon a point of the 
Subſite in H, which point H, doth therefore limit the S«bf:/e on that part.. .-;; 

But the Horizontal Line in which B, the Center of the Dial is taken, muſt 
limit it on the'other part alſo, to wit, in the point X, or K. ſo that” H K is the 
juſt length of the Swb/tile upon the Plain. 

And becauſe the Subſtile muſt both paſs through the Center B, and incline 
to the Yertical X W (to which the Plain it ſelf inclines) the Line BR, equal to 
K H, being ſoplaced, is the Subſtile. 

Laſtly, Becauſe Z H is the neareft diſtance between the Pole and the Plain, 
ER being equal thereunto, and perpendicular to the Subſtile , it ſhall be the 
length of the S:i/e, that 1s (where the S«b/tileB R is Radins) the Zangent of the 
height of the Pole above the Plain, which is all which was to be proved. 
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Declming --60 
Example IT. Of a North Plain bLatg d. 32 m. 


Reclming --16 


Figure 'Sin the former Example, ſo in this; Firſt, draw a right Line at plea: 
FE lureasFQ, which Rai repreſent the Baſe of the Plain, | "e 
, Aſſumeany point therein as B, from which point ere&t a Perpen- 
Unto F = __ ing it both above and below the Bfe Zine F Q.. 
» w . 
diſtance, as Þ M, right Lane Parallel thereunto, atany convenient 
Then 


IA '$; . a . | «4 
GEOMETRICAL: DIALING. 

Then upon B, as a Centre , deſcribe. an Arch of. a Circle C 6, and upon it 
ſet 60 deg, (the Plains Declination) from C to 6, and draw he Tha B þ ws- 
rending it till it meet with the Parallel Þ M nA. CD Ig i 

Again, upon C, asa Centre deſcribe another lictle Arch; as «7, 4rd upon ic 

ſet 16 deg. (rhe Plains Reclination) fram « to c, and draw the Lide C c, ex: 
* tending it, till it concur with the Baſe Line FQinD, _... 

Take in your Compaſlles the Diſtance between C ahd D, and ſer that di- 
ſtance upon the Perpendicular Lirie BY, from C to E, fo ſhall E be.the Center 
of your Dial, and a Line drawn from Eto A, ſhall be the 4/eridian of rhe Place; 
and Hour-line of 12. | 

Upon D, asa Centre, deſcribe an Arch of a Cixcle de, and upon' it ſet off 
33 deg. 28 min. the Complement. of tlie Zatifude, from d toe, and draw the 
Line D e, extending it, till it meet withthe perpendicular Line BY extended 
downwards in Z. Then, 

Prolong the Line A Þ, and make B K equal to BZ, and, through the Point K, 
draw the ine K Q parallel to 7 Y, cutting the Bafe Line F Q in'S.. And make 
BL equal to SK. | yes ns 

From L, let fall a Perpendicular to DC, viz, LO, and make HG equal to 
CO. POgeES in | | | | PE 

Then from E , the Center of the Dial, through'G/draw the right Lice E G 


for the Sub/tilar Line of the Dial. beep 
Alſo, upon the Line E G, from the point G, ere& a Perpendiculat , and 
make it equal in length to the Line L O, as the Perpendicular GN : Then a 
Line drawn from. the Center E, through N, ſhall be'the Stile of the Dial. 

And thus have you all the Requilites belonging to this Reclining Plain ; and 
if you take the leaſt diſtance from the point G, to the Srile NE, and ſer 
that diſtance vpon.the S«b/tilar Zine from G t0.0 ; the point © ſhall be the 
Center of the EquinotFial Circle, and the Line NG extended both ways ſhall 
be a 7angent thereto, by which the Dial may be finiſhed accotling tothe uſir- 


al way. 
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the Ang A.B C,, (co which the Anglp KBZ is equal) is equal to 
| The -Line K.BA oy [ond Meridian 

? io . by conſtfuftion, and 
ed a1 | equal, having one com- 


the 7 qui-angl | 
mon ID Z,; a0d BK. is<qual to BZ: There- 
fore pos ey Se Idits w D, or E in'the 


point Aisthe ſame , andthe point E alſo, becauſe it is in the ſame Axis 
with K, is at the ſame time ſo affeted ; wherefore;” the Cenrer of the Dia! be- 
ng at E, a Line drawn from thence upon the P/zin to A, ſhall be the hour 
of 12. 

And becauſe the Fypotenuſe D K, or E K, is the Axis paſſing from E, in the 
Reclining Plain by K in the Horizontal Meridian, and the point K being in the 
Lige KSHG, nor let fall from thence to the Plain , ſhall fall in 
the ſame LineK'$ HG. Fre a 
| 8 


s - C1 A ”Y [1 
KA Y - q 
” ds wy ey 
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Make CY equal to HG, whichis alſo equatto CO: 'then a Perpegd? 
from Lto X, % the ſame with that from L to O, namely the Line LO. 
And becauſe B Lis equal to SK, and CX to H G, therefore a Perpendiculae 
let fall from K to G, ſhall be equal to LX, or LO. .* | hoe 
And becauſe K (as hath been ſhewed; is a Point in the Lx/s, and Ga Poine 
inthe Die! Plain, the Perpendicular K G, or L O ſhall be the height or lemgr; 
of the perpendicular Stile N G : or more properly the Tangent thereof, EG 
being made Radius. And the point G,where it cuts rhe Dial Plain at right 
Angles, ſhall be a point in the Subſt:le. | 
But E or D is the Center of the Dial, as hath been already proved ; There 
fore, a Line drawn from Eto G, that is, the Line EG, is the Ne "— 
And becauſe G N, being equal to L O, and the Angle E G N is a right Abs 
ole ; therefore, the Line E N, drawn by the points E and N is the Seite, ©» 
Enough is here written to ſhew how to find the Meridian, Srile and Sub 
file, in all Declining and Reclining Plains; In which this is worth 
obſerving, that by the Precepss here delivered , not only the Reguiſue 
and their Magnitudes or Quantities are found; but their trac Pl 
and Situgtions upon the Plains allo, all which are obvious together in 
the very working, or with a very little tranſpoſition made ſo. And f 
that reaſon, I have here made choice of Zwo ſuch Exemples as are before 
in the firſt Traftate made uſe of, and the work of rhem performedtiy 
other means , that ſo the coherence may be the more obvious, bo 
vu Examples you will find in the 18 and 19 Chapters of the preceding 
ral ate. pe 


} be Noted; That as the Reclits 
all appro: 


the 


70, or above 7o degrees,” . 


| to 

to the Vertical 1 , 1, ; ' 
the Plain, Tees this meatis the former eres F=.es w/I48 
cat, or (at leaſt) inconvenient infach Caſes; © D084 0 colgnbn lt lb 
And for thele Reaſons 1 have added what follows in the next Chapter: 
4 MM | n — : al Mk 1 S121, bi 17 1! a 
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A Second Geometrical Way to find the R equiſires keloging to Ie 
clining Reclining Plains , agreeable to the the Calotlates Þay before 
delivered in the Firſt Traftate : and thereby Demnttratd, 


_——_ II  _ MO. —_— 


and Reclining from the Zenith 55 deg, which is wn Ex4 
Third Variety of South PRE Reclining Plains i in the irſt 754- 
ate, Chap. XY IL. 


Wherein let it be required to find 
1. The diſtance of the Meridian and FHlorizon 
2. The height of the Pole or Stile above the Plain 
3. The hiflance of the SubPtile from the Meridian 
4- The Plains difference of Zonpitade 


()*: Example hexe ſhall be of a South Pliin, Dealiping Eufwerd z3odeg. 
of the 


I. For the Diſtance of the Meridian and Horizon. 


With 60 deg. of a Scale of Chords deſcribe the Quadrant ABD: and up- 
on A, ere(t the Perpendicular A R, which ſhall be a Zax»gent Line thereto. 
Then, 

1. Take zo deg. the) Plains Decliaation, 'and ſet it from A toE; Alſo take 

55 deg. the Reclination and ſet it from D to G, and from E and G, let fall the 
Lies, oe EM and GH; and. reg ns h E and G draw.two right Lines 
from B , extendi them cill they cut fic f Line in the Ppints F and 
R* So GH be the Se he oC LE equal 
to the Complement of the Plant Reclination: — EM be the 
Size, andF A hed we ye of jo los the Tos Reclination, 

2. Make A ql HL, A ” willcnt the Quatrant 
inK' Debs cg bei > fo HH. forizon , nagiely G4 deg. 
41 min. 
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As the whole Sin (or Riba) \ B _ 3", 
Is. to B 
So Re eter =" 
the Arch A 
ment is the Ms (Di hw ny 9+ ita of 
idian and Horizon. | 
II. For 
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IT. For the height of the Pole or Stile above the Plain, 


1. Extend the Line M E, till it cut the Line BR in P, and make A N equal 
toMP: Sois AN the Tangent of the Arch A #, which meaiured uponthe 
Chords will be 31 deg. 14 min. Which Arch being lefs than the Latitude of 
the Place 51 deg. 32 min; SubſtraCt it therefrom ; {o will the remainder be 


deg. 18 min- | 
20 deg. 18 min. the Arch laſt found from A to Q, and draw the 


Line QC ndicular to A B Alſo make BS equaltoQ C—— Bo 
= TR And BW equal to BM——— v0 ſhall BS be the Sinedf 
20 deg, 18 min. the Arch laſt found B W the Sine of 60 deg. the 
Complement of the Declination and BO the Sine of 64 deg. 41 min. 
the diſtance of the Meridian from the Horizon. | | 

3. Take in your Compaſſes the diſtance BS, and ſetting one foot .in O, 
with the other deſcribe an obſcure Areh of a Circle 4 «, and from B, draw a 
Line B», which may only touch the top of the ſame Arch, which dobe, ſer 
one foot of the Compaſſes in W, and with the other take the neareſt diſtance 
tothe Line B »», which diſtance ſet from Bto V ; and draw the Line VT pa- 
rallel to A B, ſo ſhallT A meaſured upon the Scale of Chords be 1g deg. 25 
min. for the height of the Pole or Stile above the Plain. 


DEMONSTRATION 
FROM 


TRIGONOMETRICAL- CALCULATION. 


(1.) As the whole Sine(or Radiar) AB go LE: Cs | 
5 to BM (the Sine of the Complernent of the Plains Declination) 60 deg,” 
So is AR (the Tangent Complement of the Reclination) 35 deg. -— 
To AN (the Tangent of the Arch A +) 31 deg. 14 min. 
Which Arch bein Ben our & tis Lariruce 51" Aex 32.min. leaves 
20 dep. 18 min, which is ati Arch of the Meridian of the Place inter-. 
cepted between the Plain,” and the Pale of the World, ' © 4 <& £4 7 
(2.) As the Sine BO (the diſtance of the Meridian and Horizon) 64 dep; at" 


—— CERES | 
Is to the Sine BS {the Arch laſt found) 2b deg. £8 bin." | 
So Is the Sine B W {the Complement of the Plains Declination) 60 deg. 
To — B V (whoſe Arch A T is the height of the Pole or Stile above the 
4/n, "rp Y, | 


. 


: k \ k \ ' [| \ ; 
. Fj 3» " p x 


Il. For thr Subftiles Diſtance from the Meridian, 


Take BY the Sine of the Stiles he&ibht 15 Jeep. 2 « "r arid ſetting one 'foot 
in D, with the other del 1 the \rch, 64 es LY penn the Yeh Toe 
B 0 only to-youch the top of the Atch# c —— Then ſetting ohe foor of your 
Compaſſes in S, with the other take the leaft diſtance to the Line B o thickeaf | 
diſtance ſet from B to Y andthrough Y draw Y X patallel to AB: 'Þ ſhall 
BY 


BY bethe Sine, and AX the Arch or Chord:of 6 \ a mn ' " 
ſtance of the Subſtile from the Meridian. deg 2 "Y 40G the di 


DEMONSTRATION, 
FROM. 


4444 


TRIGONOMETRICAL, CAL CULATION: 


As the Sine of B V (the height of the Pole debits Plain) rgite TIP 
Is to the Radivs B D(yo deg.) 'B: 25 in. 


So is the Sine of BS (the Arch of the Metidan betweeh the yet and the 
Plain) 20 deg. 18min; 


To BY (the Sine of A X)'6 dies ji om 
Which is the Subſtiles diſtance from the Metkini 


* TV. For the Plains Differtict of. Lagitud 


' TakeBS 464 ſet it fron B'to Z, ſois BZ the: Sine of 5 20 eg is min, (the 
Arch of the Meridian between the Pop and the Plain wt -—: Allbrake B 

the Sine of. 6 deg, 2 min. (the heig of the Pile beth Flin)" Aol AL 
ting one foot in y A with the other ſcribe Arch's = n: Lay F Ruler toB, a d 
this Arch » =, and draw an obſcure Line thereby, till it.cut the, Quadrantin 

So ſhall A ZE be 17 deg. 38 tnin. for the Plain's Difference of Longs 


DEMONSTRATION: 
FROM, ; 


} 


TRIGONSMBTRICAL Eayent att0xt , 


As the Sine of 2.B (the Arch'& the Mi) juiem between its! BL ad the 
ta 20 lore 18 min. 


gb 50 tha me (or. Rediys) DS pF 

00.15 the Szge, | ridian) X 

— o the Sz 5 e Arch A*, i7des, 38 mia ha. Foun 
Which is the Plains rut En i; 


" 


*3 W Þ WG ANNE TIES,” 


How by the Help of an Horizontal Dial in any Latitude, to draw the 


How Than the Placy of the Seile. au Subftile: for any Uprighe 
As; in in the Jame Laricude. 


ot pay ſhall be of an Upright Plain  Pudiokae! from the South to- 
Weſt 3o deg. in » Zathindef 51 deg. 32 min. 
irk, draw right Line R T, repreſenting the Bſe or Horizontal 
Line of the Declining Plain: 
C E Secondly, 


Fi 


td 


. 


o8 


Saabnaly - Th this Line; afſurhe ary Point, as A, and from it draw aho 
right _; S, making the Angle S AT, equat tv 3o deg. the Plains Deeliy, 
tion: Which Angle muſt be made rowards the Right hand of A, if the Plai 
decline HeſtwejA. (as hers it doth) or towards vhe Zeft bafd if the Plain de- 
cline Zaftward. 03> ink 

Thirdly, Upon this Point A, eretta Perpendicular to the Line R T, for the 
Meridian Line of the Declining Plain , — And (from the ſame point A) aps 
othef perpendicdar tothe Line A S, for the Meridien of the Horizontal Dual, 

Fourthly, In any part of this laſt Perpendicular, aſſume any Point at pleg- 
ſure, (as X,) and, makethat,the.Ceater of 'an Horizonte? Dialy;and upon te: 
ſcribing a Circle, ſer _ the —— proper nb an Horizon Did 
for | namely. ok, 5K :4cgs 32 aun) attne marks X,* F, O. ,. 

rrnkng ens (os PR je Kh 1s the Center, and the ſeveral Poinn 
X # #, &c. draw Tight Lines, extending-them till they cancur or meet with 
the Horizontal Line of the Pecknipg Plain RT firſt drawn, at the poings g, 10, 


11and 1, 2, 3, 4, 5, Fc the Angle AX P, equaleo the Laciral 
t e equal to the Lati 
the the Line A Sin P. 
. Z be the Center. of the De. 
Ejghthly, Upon the pole By where the Line XP cutteth the Horizbi 
Line of 'the Declining Plain, R TY ere a Perpendicular, cutting the Line A 


MUC 5 pd > $4 Farrar bus | 
Ninthly , Make AR; equal t6 B C ahd drawtihe Line ZR, for the Suh 
of the Declining Dial. AAS ID tes. "mn 


Tenthly, From the poi erect a Perpeadicular to ne ZR, maki 
R Qequalto A B, and Nt be Fives Fo 
La 


Z © forthe Site of the Declining Did. 

, If from the Center of the Declining Plain Z, you draw right Ling 
tothe ſeveral points 9, 10, 11 and't, 2, 3, &c. (where thoſe Howr-lines of the 
Horizontal Dial. did concyr with the Horizoma! Zine of the Declining Pls 
R'T,) thoſe Links ſhall bx this true Hour/lind belonging tool Declink 
Pain: Ang ſo is your Dial finiſhed ; and the Stile and Subſtile in their dy 


If Any ſſl think this Chipter - deficient for want of Dertionſirati 
' then kid, that nſtrationd6lopping co the Firſt C 
this TraQtate, doth Detiibſtrate this atfh, 


4 


Py 
[ 


$— —_ 


at is 4 bo F E 1» , a ” | ' 
JA i1 « - 01 e-+ BBIW LO ALETADS L : 


} f o 6.4 Eh z * - : < » 

SS COLEALETT ? UVIITY I\a 
nA: '! . 5 i gt " _ ; . \ , by i q 

- "7 pg» Ly *4q "1 ; # 1 j . z " , 4 — — 
0919'l 0 9336 Bulb of he Seont TRICT A Dec! 
. _ & ” 
- *  Gogrs | : a =P 
* AA. , : 31 1 , . 
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. 
, = 
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GEOMETRICAL DIALING. b, 


Sabbadly - Th this Line ; afſurhe any Point, as A, and from it draw a 
right Line & S, making the Angle SAT, equal to Jo dey; the Plains Dee 
tion: Which Angle muſt be made rowards the Right hand of A, if the Plain 
decline eſtwa}A (as hets it: doth) or twntds the Zef# band if the Plain de. 
cline Zaftward. 5 EE 5, 

Thirdly, Upon this Point A, erefta Perpendicular to the Line R T, for the 
Meridian Line of the Declining Plain , — And (from the ſame point AJ aq 
othet rerpandicdlar tothe Line A S, for the Meridien of the Horizontal Dual, 

Fourthly, In any part of this laſt Perpendicular, aſſume any Point at plea- 
ſure, (as X,) and. make that, the Center of 'an Horizonte? Dialy,and upon 
ſcribing a Circle, let _ the — proper ſs TITER 
for | namely, ok. 5 1:9egs 32 aun) attne marks F,* X, &«. ., 45 

brkg ns Cn ſr is the Center, and the ſeveral Pei 
* K #, Oc. draw _= Lines, extending-them till they cancur or meet with 
the Horizontal Line orthe Decknipg Plain RT firſt drawn, at the points 9, x0, 
11and 1, 2, 3, 4, 5, Oc. 

Sixthly, Upon;the Center, X, make the Angle. AX P, equal to the Lati 
51 deg. 4 wit: atid draw the Litie X P, Wi the Line A Sin P. ure 

Seventhly , Make AZ equal to A P, ſo.ſha l.Z be the Center. of the De. 


eli Di _ IN Re be * 2 ff — ab "_ "+ A Crug 
t B,, (where the Line'X P curteth the Hori 
ain, R TJerett a Perpendicular, cutting the Line, 


Ejohrbly, Upon the poke 
Line of 'the Declining bi 
MILES. nk one q \ EEE a W-- 
Ninthly , Make AR, equal to B C and dr$Wihe Line 7 R, for the Sufi 
of the Dechuing Dial. © CY nn | | "Mm 
Tenthly, From the poiat R, erect a Perpendicular to the Line Z R, maki 
RQe ualto A B,-and draw Fine © for the S&ite of Declini Py 
Laſt Ys If from the Center of the Declining Plain Z, you draw right Line 
tothe ſeveral points 9, 10, 11 and't, 2, 3, &c. (where thoſe Howr-lines of the 
Horizomal Dial. did concyr with the ZJorizomal Line of the Declining Plus 
R T,) thoſe Lines' ſhall be the rrue Hour-lin&s belonging to yotir Declining 
Plain: Ang ſo,is your Dial finiſhed ; and the Stileand Subſlile in their dys 
06s; 17 %' meld 413 il bi oe. 0 IN, F-. 


bs & w 


f pe Seer 


ne! 


- deficient for want bf Dertiohlitation', 
| nſtrathot elopging. the Burſt Chapee 
this TraQtate, doth Dettivnftrate this affh, oO 


= a % 
= - - 
% y \ * 4 z =? » = 
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A\ 
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INSTRUME NARS 


DIALING 


Pecformnd by. 
ScaLEs of Natural SINES & | Taxonnrs 


Shewing ( by. an eaſe Avrifice) it afy Latinile \Lotv 
randy may - deſcribed pon all.and ps 
Superficies ; by Referi Dec 
Plains, to New Pros bays NY Drone. where 
they ſhall become only. Upright, Decliners. wh 3 


AND ALSO, 


How the ſame Antifice may be performed , by Trig ical 
Calculation by the CANONS of pk Og: I1 NES & FN mt T8. 


Yn WES TTY is 


The Third TRACTATE, 


—_— A a FW". APY ttt. —_——— i —— —_ AIC —— _ 4 


—_ 
RY 


N this Trot hal be. ry Big, da WR: 
by belgiot tp Sole ber Ae ger | Is 
| manger working | 


40 put in} Praftice 


in all Ceſes eR Got 
toe! in Oe or 7 Rds 7 will be NG for: 


livered i un this 7r4&4te) may; 
FW in that' £e#igude , 
And, foralinuch, as all Ls | 
convenienGies in many Ce el ba Ton 
Artificial way of Referr ky. Wap abs 
New Declinations, where Kip Plijns, may 'Þe | 
by TriganomerHne Caluation bye Canons. or its of 5 { Sizes 
Tangent 5, | -ON8 TIF 


Cnae. I, 
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Figure 


Figure 


INSTRUMENTAL DIALING. 


a _ _—_— i. _ - ECT — em, 
£ 


G nu a». 1. a» 


Of Vertical or Horizontal, alſo of Dire North dr South Ereft, or Re 
clining and Inclining Plains, how to deſcribe Hour-Lines upon them. 


—Y —_ " — 


— 


Hat theſe ſeveral Plains are, hath been already ſhewed in Chop. 3. 

. Traftste 7, And that there is nothing in all cheſe Plains required 

" tobe known before Hour-lines can be drawn upon them , bur the 

Latitulle 6f the: Place, and the Reclination os /nc/ination of the: Plain: And 

how that may be attained is alſo ſhewed at large in the 15 and 16" Chapters 

of the Firſt #rattare. And therefore to pals by the finding of ghoſe things I 
will immediately proceed to' Zxemples. | | 


Suppoſe therefore, that a Dire South (Plain, in the Zatitnde of 32 Yeg. 
ſhould Recline from the Zenith 28 deg. 


By the forementioned Chapters, the Height of the Pole above ſuch a Plain, 
would be found to be 30 deg.:For 28: deg-the Redination of the Plain bei 
Subſtrated from 58 deg. theComplement of the Latitudeghe Remainder wi 
be 3odeg. and ſomuch is the Pole Elevated above the Reclining Plain. Which 
known, the Dial may be made as followeth. 

1. Draw two right Lines, one for the Meridian , and Hour-line of 12, the 
other for the Horizon, and Hour-lige of 6 ; cxofling at right Angles in O, the 
Centerof the Dial. 

- 2,-Inalttheſe Horizonra! , DireQt North or South Plains,whether Fred, 
Reclining or Inclining , Take [always]. 9p deg. out of the Scale of Sine 

(or 45 deg, obt of the Scale of 7axgents, which is equal thereto) and ſer" 4 
diſtahce upon the Meridian Line, from O, the Center of the Dial;to X. :: 

3: Our of 'the Scale of Sines alſo, take the height of the Pole above rh 
Plain (in this'Zxemple ;0'deg.) and ſet thin from Oro A, and from Oto B, 
and dray the Lines A X': d BX.- os L930) 14 20 
" 4. Forthe fitiding of the Hor-pointsyou myftdraw a right Line as CE'D} 


and 45 deg; fromy Tewent , withthat di upon E as: 

Center,fdeſcribe the Semiirde CED: Alſo;from your Scale-of Tarpenits ket 
15 deg. (or oge hours Equinod Diſtance, andfet thery/fronvE to 1], like” 
wiſe, take 30 gdeg. and ſet them-fromE to1'' And at EGtE' NL -— Inlike 
manner ; the whole Hour-fpaces E Ill; E Ht E 1, being thusp dowit' 
upon the Line E D, you may inſert between them the Equinoftial Diſtances 
for the Halves, and (2s of Hours, by taking 3 dep. 45 min. for one 
quarter, 7 deg. 3o min. tor Half, and 11 veg.” 1 tmin- for 3 quarters of an hour, 
out of your Tangent Scale, 'ahd ſetting themfrom E to 1 2/3 'for the quar- 
ters of thar hour - Alſo 18 deg. 45 thin. — 22 deg. 36-imin;and 26 deg; 
15 min. will divide the Space between the Hour-points of 1 and H-into Quar- 
ters allo —— And Laſtly, 33 deg. 45 min. -— 37 deg. 3omin. and 41 deg: 
15 min. will divide the Space between the Hour-points of I and D into Quar- * 
rers likewiſe: And ſo is your Semicircle, or Hour-Scale E D, rather, divided. 


And 


tvs, 


INSTRUMENTAT. DIALING: 
. And here Note, That this Semicixcle, or Hogr Scale bring, raed, it 
tin 


is ready to find the Fogeyolne, not ola thels Fee Fee 


| CUNPEIEENET Plains allo —— - And now let, Jn proce to ney 
the 


s. Take an your Compaſſes the length of the Line A.X or ” and fer that 
diſtance upon the Semicircle, from Do 4;and draw. the Lige C;. . 

6. Set one fovt of the Compaſſes in the Hour-point of 1, ib the; E D o 
the Semicirele,, and with the other take the leaſt diſtance. to, ine C. 
which ſet upon the Lines A.X and BX, from Xto.5 and from-X to.7, and Allo 
from A to11,and from B to.1, —— Again, Set;one foot, of your: Compaſlcs 
in the Hour-point of 11,, in the Line E.D ofthe. Serpicirclg,and wyh the orher 
take the neareſt diſtance to the Line C 4, apd ſer that diltagceypon the Lines 
AX and B X of the Dial, from K to 4, and from X.to8 ; and. allg from A to 2 
and from Bto x0. Laſtly., he caſt diſtance taken from for IIl the 
third Hour-point iathe Semicirele)-to the Line C.<, muſt be {tupoa the Lines 
A XandBX fromX tog, and from X to 3. 

6. Lines being drawn from 'O, the Center: of the Dial, through the re- 
ſpeRive Points 14.2, 3, &s.-11,10, 9, cc: they ſhall be the, us: our-lincs: 
women the Recluung Plain. | 

The. Stile =D ſtand upan the Meridian Ling 0 X/ 
ſo the Subſt) making, therewith an Ange of 30 deg, ag. 


chich is al 


Is the Da 


Note . In the ſame manner as you faund the Points for. TY hours, by 
taking the leaſt diſtances from the Hour-points of I. Il and Me 29 he to = 
; Line C43, Somay Points for the Halves and Quartess of Hours be found 


oy (nM taking of the leaſt diſtances from che Points 1, 2, 3 ,to the ſame Lins 
6. + 57115 | ; 


C7 4's," 29" 


of Upright (or Eret) Declining Plains, and how to find the Placs if 
"the Stile-and Subſtile ; and to deſcribe Hour-Lines upon ſuch De- 
clining Plains in any Larirude. 


Er it be required : a deſcribe, Hoar- Zznes, and to find the place of the 
Stile ad Safe pon an Hprig ht -Plais , Declining from the Huh to- 

Neat ju Pri 20 5c boy; in the Zatityde of 46 deg. 
FLY Draw a right Line adicular to the Horizon for the Meridian of 6 
Place, and Hour-line of 12. Towards the upper part thereof, if the Pl 
Phi the South., as here irdoth (or towards, the lower part thereof if the. 
d beheld the North) aſſume any Point, as G; far d the Center of the 


"0 ' Ourof your Scale of Zangenrs take 46 deg. the Latitude of the Vhace,” 
and ſet Cocke GtoH, Allo, from the ſame Scale take 44 deg, the, Com- 


plement of the Latitude, and ſet thern from G to Q and from H to K, making 

GQand HK perpendicular to GH, andrthen draw QK wee, will be paral- 

el and alſoequal to GH. & 
YE d 


4. From 


1-18 


© Figure 


II. 
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Figure 
II. 


"2 anddrawn by the direQtions of the laft 


INSTRUMENTAL DIALTNG. 


3. Fronitht Scale of Sizes take 20 deg. the Plait's Declination,and ſet them 
from H to L, and from Q.toR; through which points, draw'GL for the Sub. 
file of the Dial, and G R for the Hoor-line of Six, which Hour-line of Six 
you muſt draw quite through the Center of the Dial.  «<+ © -1 

4- Take 70 deg. the Complement of the Plains Declination , out of the 
Sale of Sines, and ferthem from G to 12, upon the Line 'G H, and from-L to 
M, making ME perpendicular to G L; and, through M, draw G M for the 
$tile of the'Dial. bs | 

. Out of the Scale of Sines take 44 deg. the Complement of the Latitude; 
nd ſet them upon the Line G Q, from G toP, and through PÞ , draw a Line 
P 6 Parallel to G H, cutting the Hovur-line of Six in 6. w- 

to G6 , below the Cets 


6. Make G 6 abowe the Center of the Dial, equal 
ter, and draw the Lines 12:6 and 12.6, ' ©5722 Nh! 
' s, Take in your Compaſſesont of your Dial-plain che ſhorter Line 1 4.6, 
and repairing to your Semicircle,ſer'it from D to &,and draw the Line C6,——. 
Alſo take the lotger Line 12.6, and ſet it upon the Semicircke from! D to+c;und 
draw the Line Ce, TITS Of K-10 A 41 - 

8. From'the Hour-point of I in the Hour-ſcale; or the Sermicircle, take the 
leaſt diftante to the Line C 6, and fet that diſtance upon your Dial from 12 to 
7,and from 6 tg 11 — Allo take from the porm 11, the leaſt diſtance to the 
Line C6, and {et thet diftance upon your Dial (from: 12 to 8,” and* from 6 to 
10 Arid the leaſt diſtance taken from 111 or E, tothe Line C6, muſtbe 
ſet upon the Dial from 12, or 6, tog. And thus are Points for Six of the 
Hour-lines found. ——- Inlike manner, take the leaſt diſtance from the Hour- 
point of I, to the Line Ce, and fet that diftance upon the Dial from 22 to 5, 
and from & to 1. '—— Alſo the leaſt diſtance from 1I to Cc, muſt be ſet from 
12to4, and from 6to 2. — And Laſtly, the diſtance from 11I of E, tv Cc, 
muſt be fer from 12, or 6, to-3.* And ſo have you points for all the hours. —— 
Through which right Lines drawn from the Center , ſhall be the true Hour- 
lines required to be drawn. 

In the ſame manner may the Halves and Quarters of Hours be inſerted; 
And for the Stile of the Dial; it muſt ſtand Perpendicular upon the Subſtilar 
Line GL, making an Angle therewith equal to the Angle MG L. And fo will 
your Daal be fniſhed. : bans ke 


M—— 
a as PR—_ 


{} 
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SY WW aw @ 62 
Of Eaſt and Weſt Reclining or Inclining Plains. 


Heſe Z4ft and ZFeft Reclining and Imlining Plains may be deſc 

, we? pter ; If firſt, you fihd 
= , out in what Zariruxe ſuch an Zeft or Hef Reclining Plam, will be an' 

Erett or Upright Plain; And alſo, what Declination that Hpripht Plain (hall 

have in that New Zaritade : And in Faft or Feft Reclining or fuclining Plains 

this New Latitude and New Declination may be eaſily found : For ; D 


1. The New Lititude will be (always) the Complement of the Old Ze 


tude, And, 
2. The New Declination witl be _ (always) equal tothe Complement of the: 


Reclination in the Old Latit 


Examph : 


INSTRUMENTAL -DIALTNG. 

Example : Suppoſe , that a DireQt Laſt of Weſt Plain in the Zatitade of 

5 deg. ſhould &ec/ine from the, Zenith: 26, deg. ; 36 min. In what Zatitede 
LE this Eaſt Reilining Plain be an Upright Pliin ! and what Declination ſhall 
it have in that New Latitude ? 

r. Tis Old Latirade is $5 dep. the Compliteent whereof 55 deg, is the New 
Latit 

2. The Old Reclinetion | is, 26 deg, om and = Complentehr theteof 83 

. Zo min. is the New Declination. 

2 you make' (by the direftionsof rhe laſt Chap pter/ an Wright Dial, De- 
clining 63 deg. 30 min. inthe Latitude of 5 5 deg. . F Thar DAY be thie f 
with a Diredf Eaſt Dial Reclining 26 dep. zo rin. in the Latitude of 353 deg. 


Only this is to be remembred, That in all ur Plains the Hogr-line of 
ſtands nay wag pr to the: Horizon, 'all F«ff or Reo 
the Howr-lire of 12 muſt lie Parallel to the Ei#izon, 


An Example of an Eaſt or Weſt Reclin Dill, you have in'the 14 Ch, ter 
of the Fe Tri Fig. Ix. 4 yet 7 F 


_ Note moreover, that wie! PR Ns? bY ade ad New Det linktios hre found 
as before , the Uprighr Dil! mult drawn w, phe, A Latirade and 
New Declination, and not tothe Old. 


4 [ "1 


"—=IS —m__. ——_——— 


C #46, 


—————— net — 


Concerning North and South Plains, which d kit Decline and Re- 


I 


i ir” He beſt way to deſcribe Hpar-Jines upon theſe: kind of Plaint, will 


1; Ly kwoile them to a New Latitude where they may be Upright Plains : 

2. Tofind whit Detlinativn they dir 16 that New Lititad: + Aod ; 

3. To know how m the Meridian (or (or Hoyr ihe' of 7 ny aſcend & 
| bove, or deſcend'belvw the Wormnget ce, oof the Rechiaing ads 
CEE IST SE 
p b ow wo 

: tude and New ETD be transferred - frotn pa 

Draught upon the Plain, 


And to find theſe Five Rego, and rigs the «Dal! ith Plain, 
ſhall be the work of this Chapter. 

Let it be required to find the Five forementioned Xeqsi wifes; itt a Soath 
Plain; which Declizeth from the South av 24 i 20 min. And 
Reclineth from the Zenith 5.4 deg; 


i 
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INSTRUMENTAL DIAL TING. 


| Fronithe Scale of Sires take 20 deg. the Plait's apes, ve ,and ſet them 
from H toL, and ftom Qto R; through which points, draw'GL, for the Sab. 
file of the Dial, 'and G or the Hoar-line of Six, which Hour-line of Six 
you muſt draw quite through the Center of the Dial. + *'- -- 

4. Take 70 deg. the Complement of the Plains Declination , out of the 
Sale of Sines, and ferthem from G to 12, upon the Line 'G H, and from-Lto 
M, making ME perpendicular to G L; and, through M, draw G M for the 
Srile of the'Dial. FRA | 

. Out of the Scale of Sines take 44 deg; the Complement of the Latitude; 
and ſet them upon the Line G Q, from G to P, and through P,' draw a Line 
P 6 Parallel to G H, cutting the Hovur-line of Six in 6. 1 

6. Make G 6 abowethe Center of the Dial, equal to G6 , below the Cet 
ter, and draw the Lines 12:6 8nd 12.6. : I HTN 2102 ON: 
' 5. Take in your Compaſſesont of your Dial-plain che ſhorter Line 1 4.6, 
and repairing td your Semucirtle;ſer'it from D to band draw the Line C b,——. 
Alſo take the lohger Line 12.6, and ſet it upon the Semicircke from! D toc;und 
draw the Line Cc, L ul K-10 41 .A 

8. From'the Hout-point of I. in the Hour-ſcale; or the Sernicircle, take the 
leaſt Jiſtante to the Line C6, and ſet that diſtance upon your Dial from 12 to 
7,and from 6 tg 11 — Allo take from the poim II, the leaſt diſtance to the 
Line C6,'and ſet 'thet diſtance upon your Dial from: 12 to 8, and from 6 to 
10 Arid the leaſt diſtance taken from 11 or E, tothe Line C6, muſthe 
ſet upon the Dial from 12, or 6, tog. And thus are Points for Six of the 
Hour-lines found. —— In like manner, take the leaſt diſtance from the Hour- 
point of I, to the Line Ce, and fet that diftance upon the Dial from 12 to 5, 
and from & to 1. '—— AlGo the leaſt diſtance from II to Cc, muſt be ſet from 
12to4, and from 6to 2. — And Laſtly, the diſtance from 11I of E, tb Cc, 
muſt be fer from 13, or 6, to-3.* And fo have you poinrs'for all the hours. — 
Through which right Lines drawn from the Center , ſhall be the true Hour- 
lines required to be drawn. 

In the ſame manner may the Halves and Quarters of Hours be inſerted, 
And for the Stile of the Disl;it muſt ſtand Perpendicular upon the Subſtilar 
Line GL, making an Angle therewith equal to the Angle MG L. And fo will 


your Daal be Eniſhed. CE 
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Of Eaſt and Weſt Reclining or Inclining Plains. 


* 


ati al 


anddrawn by the direftions of the laft Chapter ; If firft, you fibd 

* , out in what Zatiruale ſuch an Eft or Heft Reclining Plain, will be an' 
Erezt or Upright Plaio;z And alſo, what Declination that Hpripht Plein \ttll 
have in that New Zatit»de : And in Faft or Feft Recliwing or fuclining Plains 
this New Latitude and New Declination may be eaſily found : For ; hs 


h kb Eaſt and oft Reclining and Imlining Plains may be deſcrib 


r. 18008; ms will be (always) the Complement of the Old Zo" 
| : | F, 
2. The New Declination will be (always | | 

Reclination in the Old rob On T wo 


Examph : 
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Annes Suppoſe , that a Dire& Eft or Feſt Plain in the Zarirude of 
35 deg. ſhould eclie from the, Zenith: 26 deg; 136 min. In what Zatitede 
will po Eaſt Reilining Plain be an Upright Plein ! and what Declination ſhall 
it have in that New Latitude ? 

r.. The Old Zatirnde is 35 eg, the Compleneent whereof 55 dep, is the New 
Latitude. 

2. The Old Reclination is 26 deg, {om 008 . and ye Comp fenttehr theteof 2” 

. 3o min. is the New Declination. 
if you make' (by the diretionsof the laſt Chap pter/) an Ne A br Dial, 
clining 63 deg. 30 min. in the Latitude of 5 5 deg. bar DH If be chie Bike 
with a Dire? Eaſt Dial Reclining 26 deg. 30 run. 1 in the Latitude of 3; deg. 


Only thisis to be remembred, That in all Ypright Plainrths.} -line of 17 
ſtands wy a rg to the Horizos, all Z«f or Recltnes s 
the Howr-lize of 12 muſt lic Parablet to the Ew izon, ' 


An Ex of an Feſt or Weſt Reclink Dial ou have in the thanees 
of ed Tran Fig. IX. Fo "- » 4 Chap 


| Note moreover, that wike! the New Js thde atid New gee are found 
as before , the Uprighr Dill mult "drawn w. rhe. Latirade and 
New Declination, and not tothe Old. 


4 [ "1 


I —_—_ AS” _=Y 


rr rn ene nn— —— 


= i" 6 P. EG. 


ries North ard South Plains. which & both Decline and Re- 


j ok 


T- go beſt way to deſcribe Hpur,ines agon theſe: kind of Plains, will 


I; Lk on them to a New Latitude whieve they may be Upright Plains : 


2. Tofind what Deelinativ ating iti that New Lititade: And ; 
3. To know how much the Mien (on or Hoyr4ihe'of 17 b.— + oat 
| bove, or deſcend belbw the Fiotomd Lone Of thie Reeling on? 
4. Which way kein rooſt wor ee, or Deſc heoflbratiftbes- 
5. How the Sg far 1s 0 Late 04 
tude and New hey 
Draught uponthe. Plain, 


And to find theſe Five Peg, and 6 rind the © Dia to the Plain 
ſhall be the work of this Chapter. 

Let it be required to find the Five forementioned Xeqsi aifiter, itt a Seth 
Plain: which Declizeth from the South We fimard 24 20 min. And 
Reclineth from the Zenith 54 deg. "4 T 
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Figure 


IV. 


Figure 
IV. 


Figur 
IV. 


1. Deſcribea Semicircle BD A, whoſe Diameter B A, let be madeequal tg 
90 deg, of your Scale of Sines, or to 45 deg. of your Scale of 7angents, which 
is all one: .Then : 4 | ©5.0 | 

2. Take 36 deg. the Complement of the Plains Reclination ,,out of y 
Scale of 7 angents, and ict them upon the Semicircle from BtoD, drawing x 4 
Lines A D, and BD. _ | | Jr” 

3. Take 65 deg. 40. min. the Complement of the Plains Declination out 
of the Scale of Sines, and ſet them from A to C. 

4, Set one foot of the Compaſles in C , and take the neareſt diſtange to 
A D, whichdiſtance ſet. from A to E ; fo ſhall AE meaſured ypon the Jul 
of 7anzents, contain 33 deg. 30 min. | 


Nite 1. In South Reclining Plains, (as this our Example 1s) this Tangent 


Note 2, It the fourth, Tangent laſt found had proved to be equal to your 
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I. To find the New Latirude. 


laſt found (viz. 33 deg. 30 min.) muſt be compared with the Jy 
of the Place, 51 deg. 3o min. and their difference is 18 deg. who 
Complement 72 deg..is the New Latitude ſought. | 


Latitude, the Plain would have beenan Zquinotial Plain :. If lefs than 

the Latitude (as here it is,) the Contrary Pole (viz. the North Pole) is 

Elevated. | | 
This Rule for South Recliners, But for North Recliners, 


Note, That the Fourth Fapgent laſt found , muſt be compared with the 


Complement of the Zatitude of the Place, And if it prove to be equal 
thereunto,the Plain is a Polar Declining. Plain. But if it be greater 
or leſſer than the Complement of the Latirude,the difference between 
them is the ew Zatitude. | | 


Il:;- To fd the New Declinacion. ' $6 = 


1. Take 36:deg, the Complement of the Plain's Recligation , out ofthe 
Scale of Sines, and {ct them B to F, anddraw the Lines BF and A E. 

2. Take 2 
|, Prams Point G take the leaſt diſtance to the Line F A,, and ſet that 


deg. 29 minzthe Plain's Declination, out of the. .Sca/e of - Sives, 


from AtoH, So ſhalt-the diſtance A H meaſured upon the Scale of 
tain, 14 deg. 1 min. And {o much. is the New Declination, in the 


con : : . 
Note, That the New Declination thus found , is [ always] {5 in Quantity 


than the O/d Declinetiov was : But it.is [always]tothe ſame Coaft,ahat 
isto ſay, from the Vorth or South, towards.euher Ef or Vet, asthe 
Old Declination was. *'* 


Ill. To find the Meridian Aſcenſion or Deſcehiſion. 


I. Take 24 deg. 20 min. The Plains O!d Declination , out of the Scale of 


T7 angents, 
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Tangents, and ſet them from B to K, anddraw the Lines BK and AK. 

2. Take 54 deg. the Plain's Reclination, out of the Scale of Sines, and ſet 
them from A to L. 72: 8" | PA Prawn -t FA, \ 
_ $. Take the leaſt diſtance from L; tothe Line AK, which diſtance ſet from 
AtoM, and AM, meaſured upon the Scale of Zangents will give 26 deg. 6 
min for the diſtance of the Meridian from the Horizon. 


IV. Td find which way (or to what Coaſt) the Meridian Line, Aſcend- 
ing 9 Deſcending above or under the Horizontal Line of the 
Plain, is to be drawn. | 


The laſt Secion of this Chapter taught how a9 find the quantity of the An- 
ple which the Meridian makes with the Horizonte Line of the Plain: Naw is 
reſteth to let you know , to what Coaſt, it muſt be drawn, and.alſo whether it 
muſt be drawn to aſcend above, or deſcend below the Horizontal Line: of the 
Plain ; For which take theſe Pan's 


s.. 


General Rules, ” 


Leſs than EquinoQial, the Line, which lies contrary 
Meridian muſt be drawn, to the Coaſt of the Plains 


£ boy LEY of the Horizontal 
Declination. | 


below 

In cliners. * | 

South Re- | 

Cliners. | More than is inoial,the 
Meridian muſt be drawn, 


= In- 


Line, which lies the ſame 
way with the Coaſt of the 
Plains Declination. 


p above (Thatend of the Horizontal 


% 


k 
# 


"I 'E e0d of the Horizontal 


above 


Line that looks the ſame 


| Leſs than a Polar,the Me- | way with the Coaſt of the 


oy: Plains Declination— And 
ridian muſt be drawn, this Meridian thus drawn 


| in North Redliners, repre- 


. 


| _ © Ubelow\ſeats12at 


Equal.to a Polar,the Meridian muſt be drawn below the Hri- 
WOO | zontal Lineat that end which is ry to the Coaſt of 

7 . Declination, and the Six of Clock Hour-Line is always the 
Subſtil wt JOY | : ol 


: 


{ below [ And from that end of the, 

More than a Polar,the Me- Jof the Plats Declination 

ridian muſt be drawn, -—And in South Incliners 

| | it is only ſerviceable to 

help to draw the reſt of 
& 'CLabove LCthe Dial. _. 

E e * V. Hew 
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V. How the Dial (being made according to the New Latitude 7 
os Declination) is td be'transferred from the Paper Draught, bra 
the Plain. 8g 


Having drawn an Horizontal Line upon your Dial Plain, in the moſt cap- 
venient part thereof , and made choice of a Point therein for the Center gf 
your Dial, apply the Center of your Paper Draught to this Center, moving 
the Paper Draught about, till the Meridian Zine of the Paper Draught do 
make an Angle with the Horizontal Line drawn upon the Plam, equalto what 
you found it to be by the Third Se/#ion of this Chapter, and to its proper Coaf 
as you found it ſhould , by the Fourth SetFion hereof , then (if you have not 
erred in any of your former workings) will the Sr:{e of your Paper Draxghig 
(or rather a pattern thereof cut out in Paſt-board) being placed upon the Sb 
ftile of your Paper Draught, have dirett reſpett to the Zlevared Pole , And: 
thus, due reſpels being had to what is here delivered, you may eal:ly transfer 
the Swſtile and the reſt of the Hour-lines to the Plain, putting thereon ſo ma- 
ny as the Plain is capable to receive at any tame of the year: And leaving out 
ſuch as may be ſuperfluous. 


«< From the way of making of Declining Reclining Dials by transferring 
them to a New Latitude and a New Declination where they may be Up. 
right Declining Plains only , It will ſometimes fo fall out, that this New 
Declination may be very great, and then, the beſt way todraw ſuch Dials 
will be by the DireQions given in the 13 Chapter of the Firſt Tratam! 

Alſo , ſometimes the New Latitude will be very great, and fore 
times very /mall , and then the PreceptsFor finding of the Place of the 
Subitile, Stile and Honr-line of Six in the Second Chapter of this 7raitate, 
will, in ſuch Caſes, be thought inſufficient , or (at leaſt) inconvenient 
To remedy which the following Chapter is added. 


Cu 4k PariVy 


How to find the Place of the Subſtile, Stile, Hour-Line of Six, &c. 
im all Upright Declining Plains, in ſuch Latitudes where the Pole 
bath xenther very Small or very Grear Elevation,” {i , 


Hereas the Precepr delivered in the Second Chapter hereof ; wilt b&' 

only convenient in theſe Middle Latirudes; namely , berween 30 

'. + - and,bo deg, Yet by. the referring Declining Reclining Plains in 

One Latitude ; ade + 6 Decliners only, in another Zatitude, that New Lati- 

rude will Ometimes fall out to be either very Greet or very Smal, and how to 
deal with upright Declining Plains in ſuch Zatitnades ſhall be here taught. 


I. Where the Latitude is but Small. 


Suppole that a Declining Reclining Plain, in ſome one Latitude , being re- 
er 
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ferred to a New /atitnde and; Nep Declination., the ew Zatitxde ſhould be 
found to be 20 deg. and the New Declination 30,deg. To find the:Place of the 
Sabſtile, Stile, &e. (the Latitude being but Swell, viz. 20 deg-) proceed in 
manner following. f 

1. Draw a right Line AB 12, for the Meridian and Houxr-lige of 12, in 
_ Line make choice of a Point convearat far the Center of your Dial, 
as A. | | 
2. Out of your Scale of Tangerts take 45 deg, (or the Radius) and ſet them 
from A to C, drawing the Line AC at right Angles to the Meridian Line A 
12, Alfo, Take 20 deg. (the Latitude) gut of your Scale of Tangents, 
and ſet them from A to B, Then make CD equal to, A B, and BD «&- 
qual to A C, conſtituting the right angled Parallelogram A B CD, anddraw- 
ing the Diagonal Line C B. | 9A 

3. Out of your Sale of _Sines, take 39 deg. (the Plain's Dec/ination), and (e 
them from B to E, anddraw the Line A E tor the Subſite of. the Dial. | 

4. Through the Point E, draw the Line E K paralleltq CB, cutting the 
Line C 1) in K, and through the Point K, draw the Line A K for the Hour- 
line of Six, extending it through the Center of the Dial on the oppoſite Side 
of the Plain. 

5. Upon the Point E , ere a Perpendicular to the Line A E, and out of 
your Scale of Sines, take 60 deg. (the Complement of the Plain's Declination) 
and ſet them from A to 1 2, and from E to F, drawing the Line A E forthe 
Stile of the Dial. | Hob wh 

6. Take 70 deg. (the Complement of the Latitude) out of your Sale of 
Sines, and ſet them from A to H, and draw the Line H m, parallel co A B, cut- 
ting the Hour-line of: Six in 6 ; And make A 6, above the Cepizr of the" Dial, 
equal to A 6 below the Center ;- and draw the Lines 12.6 and 12.6. | 

7. Laitly , If you take theſe two Lines 12-6 and 12.6 1;your Compaſſes, 
and put them into your Semicircle /or Hour-Scale, Figure 1k1) you may gdi- 
vide them therefrom as before in Chapter 2 , at the Points 5, 6,7, 8, 9,10 
and it. Andallo at r, 2,3,4 and 5. Through which Points Lines'being 
drawn they ſhall be the true Hour lines. | | ik 


I. Where the Latitude is Great. 


If a Declining Reclining Plain being referred to a New Latitude, that New 
Latitude ſhould be found to be 70 deg. in ſuch Greag Elevations of the Pole, 


work as followeth. Mes. 6s 
1. Draw a right Line for the Meridian, and Hour-line of 12, as ART, al- 


ſuming the Point A for the Center of the Declining Diak..', » | 


KAN 14 CZ 

2. Outof your Scale of 7 angents take 44deg. (or the Radius) and ſet them 
from A toB. 197 FLA $I bi . 13 10 2ttÞ0; 4 

3: Take 20 deg. the Complement of the Latitude ,:aut-of the Scale. of 
Tangents ,- and ſet them from A toC, and from B to D, and draw the Line 
CD, conſtituting the Right-angled Parallelogram A BCD. T7 

4: Outofyour Scale of Sines, take 30 deg. (the Plains Declination) and ſet 
them from BtoR, and from Cto'G 5 arid draw the right R, Qtting 
the Line B Din E Then draw the Line AE for the Swfpi4ar-Line of 
your Dial, and A G for the Hoxr-live. of. Six which contigue through the 
Center of the Dl ot " 1108 .n9Þ 5: 

5. Take 60.deg. (the Complement of the Plein's Declination) out of the 


Scale 
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Scale of. Sines, and ſet them from G to P (upon the Line C D continued) ant 
from R to'T, and from A to 12. | © £ 5.42 Trl 

6. Draw a right Line, throughthe Points T and P, extending it till it eat 
the Line B D that being alſo extended) in the Point O. "1 

7. Upon the Point E, erett a Perpendicular to the Line AE, making EF 
equal to E O, and draw A Þ for the Stile of your Dial. | 

8. Take 20 deg. (the Complement of your Latitude) out of the Scale of 
Sines, and ſet them from A to H, and draw the Line H 6 parallel to A B, cut- + 
ting the Hour-line of Six in 6. 

9. Make A 6 above the Center, equal to A 6 below the Center , and draw 
the Lines 12.6, and 12.6. 

Laftly , Theſe two Lines 12. 6 and 12. 6 being put intothe Semicircle (gr 
Hour-Scale) Fig. 77, you may divide them in the Points 5.6.7.8.9.10.11 and 
1.2.3.4 and 5. So Lines being drawn from A, through thoſe Points, ſhall be 
the true Howr-lines for the Declining Reclining Plain, it being referred to this 
New Zatitnde and New Declination. C 


POR 2s e 


ES FL 


How the Work of the Fourth Chapter is to be performed by Trigonome- 
crical Calculation, by the Tables of Artificial Sines and Tangentss. 


ſome Caſes; and therefore I have added this Chapter , ſhewing how 
the Work of the Fourth Chapter may be performed by Ca/calation, 
which of all other ways muſt have the preheminence : And that the harmo- 


T* beſt of /»ſfrumental Operations are ſubjeCt to inconveniencies'm 


ny there is between /»ſfrwmental Operation and Arithmetical Calculation may 


the plainer appear, I will take for an Example , the ſame Example of a Ds 
clining Reclining Plain, that is inthe forementioned Fourth Chapter, viz. 


Declining Weſt 24 deg. 20 mip. 
South 


Carne $1 deg. Zomin. 
Reclining —— 54 deg. 00 min. 


I. To find the New Latitude. 


As the Radius, go deg. 10.000008 


Is to the Co-ſine of the Old Declination 65 deg. 40 min. 9 9596 
So is the Co-tangent of the Reclination 36 deg. oh 52 126L 


To the Tangent of 33 deg. 30 min. + 9.820857 h 


Note 1. In South Recliners (as this Example is) this Fourth Tangent found, 
vis. 33 deg, 3o min. muſt be compared with your Ztitade , and the 
hows ron of their Difference, is the New Zatitnde ſought for : So this 
33 deg. 3omin. being SubſtraQted from the Latirude 5r deg. 3o mit 
the Remainer 18 deg, isthe VE LATITUDE. | 

Note 2+ 
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Note 2. If this Fourth Tatigett piove th be Zqsl to yotir Old Zatitude, 


the Declining Reclining Plain will bean ZQUINOCTIAL, PLAN. 
Note 3. If the Fourth Tangent prove tobe - | 


More 
Leſs 


than the Ola 5 North j: FSonth Þ 5, 
Lititade the ; Sourh $ Pale is Elevated in re: ih Decliners. 


In North Recliners, 


Note 1. The Fourth Tangent is to be compared with the Complembent of the 
Old Latitude, and their Difference is the NEW LATITUDE. 
Note 2. Wf this Fourth Tangent prove to be Equal to your Old: Latitude; 

the Dectagny Necknun Plain will be an FQU/NOCTIAL PLAIN, 


DECLINTY. 
II. To find the New Declination: 
As the Radius, go deg. | 16.006000 
To the Co-ſine of the Reclination 36 deg, | 0.769217 
Sa is the Sine af the. Id Declioation 24 deg. 26 mig-  $-614944 
To the Sine of 14 deg. 1 min. Saks Es _ t9-384162 


Which 14 deg. 1 min. Is the ew Declinstion. 
I. To find the Angle made between the Meridian aut the Horizon. 


As the Radius, go deg, 10.000000 
To the Tangent of the Old Dectination 24 dep. 20 mig: 9.655347 
So is the Sine of the Reclinatian $4 deg. 9.907957 
To the Tangent of 2o deg-6 mio. x9:36330 , 


Whale Complement 60 deg. 54 min. is the Angle that the Meridian mu 
make with the Hor izontal Line of the Reclining Plain, 


For the manner how the Meridian is to be drawn, whether to aſcend ebove; 


or ta deſcend below the Horizontal Line, the Foutth Seion of the Fourth, 
Chapter hereof, will dire. | 


"ITY A. ERS — 
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Another Way by the Scale of Smes/,- anlytv deſcribe Howlines upon Direft 
'} "ord Detfning Plains, — 

L For Horizontal, and(Diret# North or Sauth Plains either Upright of Reclining. 

Ith the Radiss of your Scale of Sines upon A as a Center,deſcribe the 


aedrat A BCA take out of the lame Seale the refpeive Fines 
'© or OA ih bdnens; ave v5; $0. hf Gay and 

prick them down upon the Semidiarerer of the Quadrant A Cirom Aatthe 
Points 1 $,30,44,60.40 75, and through them draw right Lines purallel)w the 
Side A B of the Quadrant, ag the Lines 1 { «, o b, 45 5, 60 wg 6 rev or 
will divide the Quadrants Limb B C into ſix equal parts, for B z, a, be, 4,de 


andeC, are eachof 15 deg. of yqur Scaleof Chords: — Alfotake the 
the Sine of the Latitnde ( <b- ju .) out ofthe Scate of Siges,and fet them 
from A to D, and drawing the Line D E parallel to AP, and the Line A E fot 
the Axis or Stile of the Dial, Ff This 


i159 


Figutrs 


Vil 


T1109 


This done, take with your Compaſſes the leaſt Diſtance . ri 
L5 7s 70 cohbP; ral | | 
30( o the Axis A E, JPY £21 | 

c > ad [er from ” yt 8 upon the wy f 

75 þ Be is 


From 


Make A 5 equal to the Line D E, or ſet the Sine of the Latitude (4odeg.) from A to 
6. —— Now if with an even hand a Line be drawn through the ſeveral PointsC;1 1, 
10,9,3, -, 6, it ſhall be one quarter of an Elipſes: And right Lines drawn through thoſe 
Points from the CenterrA ſhall be the true Hour-lines If an' Horizontal Dial for the La- 
titude of co'deg, or of a South or North Dial inthe Latitude of 50 deg. or of any 
Recliningor lnclining Plain in any Latitude where the Height of the Stile above the Plain - 


is found to be cqual to 4odeg, 
II. For Upright Declining Plains. | 


Þ01J 1k 

If an Upright Plain in the Latitude of 4o deg. ſhould decline from the South pooqued 
14 deg. by leveral ways before taught (in the Firſt, Second, and this'Third T ) 
the Height of the Pole or Stile above ſach a Plain would be foind to be 43 deg, 14min. 

The Diſtance of the Subſtile from the Meridian 1 3 deg. 42 min. And the 
Plains Difference of Longitude 13 deg. | | any 

The Plains difference of Longitude being known make Honrs 
a Table of rhe EquinoCtial diſtances as is before taught in 
the 12 aud 13 Chapters of the Firſt Traftate, as is here 
done in this 'Table.” You may proceed to the deſcription 
of the Dial in this manner. 

Furſt, Draw a right Line O 12 for the Meridiap and 
Hour-line of 12; And upon O with the Radzus of your 
Scale of Chords deſcribe a Quadrant of a Circle , 'and upon 
it from 12 toP, ſet 13 deg. 42 min. the Diſtance of the 
ye ile from the Meridian, aud draw the Line © P, for the 

rile. | 

Secondly, Take 43 deg. 1 min. and ſet themfromP to $, 
and draw OS for the Stile, 

'; Thirdly; Out of the former Table , take the ReſpeRive 
Sines of $ 57, 42, 27 and 12, and ſetthemfromO to the 
ſeveral Points 82, 57, 42, 27 and 12 upon the Sublſtile, | 
and throughthem oa the left hand Side of OP, draw Lines 
Perpendicular tothe Subſtile OP; as the Lines 82 a, 57 6b, 
42 c,27dand 12 e- Alſo, ſet the Sine of 3, 18, 23, 48,63 and 78 upon the Subſtile 
O.P, and through them draw Lines Perpendicular to O P towards the Right hand. 


oODODvODQgGOo 


 Fourthly take in your Compalles the leaſt diſtance 24108 


92 (120 6 12 
57 ; 27to 7 | 27 
| Frome 42 no Forovyd rk 42 to 8 Yupon the Line< 42 7 
ED j7w g - 5% 4 
LOO 47 2 1010 82 | 


, Soſhall the-ſeyeral Points: 6,7,8,9,10andPconſtitute almoſt one quarter of nel, 

and Lidey arawa fromO through every of them ſhall be the ug Heur-lines for t 

on this Weſt: Side of che hls For thals tf 4m vide they muſt be found. 
es from oints 78, 63,48, 33, 18 and*z to the" Subſtile "and 

frring ew po thei comrary pare Linea ba drawn from © through cat! 

of 0 bethe Afternoon Lines on the Eaſt Side of thePhain. IOTOSE "001 (ov Ui 


:, 


T1109 


Figure 


VIII. 


INSTRUMENTAL!' DIALING, 
This done, take with your Compaſſes the leaſt Diſtance . ire tt, 
C35 (75 $08), 75-4 
Cre the Axis A E, 9 boy 1a Md Hl 0 þ 
ro -+ and ſet it from 0. to" Bf | + 
75 » Her. 9 15" 4 


Make A 5 equal to the Line D E, or ſet the Sine of the Latitude (4odeg.) from Ato 
6, ——— Now if with an even hand a Line be drawn through the everal Points C11, 
10,9,3, -, 6, it ſhall be one quarter of an Elipſis: And right Lines drawn through thoſe 
Points f:om the Center!A ſhall be the true Hour-lines @f ani Horrzontal Dial for the La- 
titude of ,o'deg, orof a South or North Dial in the Latitude of 50 deg. or of any 


Recliningor Inclining Plain in any Latitude where the Height of. the Stile above the Plain | 


is found to be cqual to 4odeg, 


Il. For Upright Declining Plains. ' .:[1 2A 

If an Upright Plain in the Latitude of 4o deg. ſhould decline from the South Eaſt 

14 deg. by ſeveral ways before taught (in the Firſt , Second, and this, Third TraQtat, 

the Height of the Pole or Stile above ſuch a Plain would be fohind to'be 48 deg. 1mnin; 

The Diſtance of the Subſtile from the Meridian 1 3 deg. 42 min. And the 
Plains Difference of Longitude 13 deg. | Q1 


The Plains difference of Longitude being known make nei 
a Table of the EquinoCtial diſtances as is before taught in NY DP . 
the 12 aud 13 Chapters of the Firſt Traftate,, as is here rn 
done in this /Table.” You may proceed to the deſcription | dey. wer 
of the Dial in this manner. 6 6 I8 Ly 0 

Firſt, Draw a right Line O 12 for the Meridiap and oy. 9 
Hour-line of 12; And upon O with the Radius of your g J A ob 
Scale of Chords deſcribe a Quadrant of a Circle , 'and upon 9 4 | . aq 
it from 12 toP, ſet 13 deg. 42 min. the Diſtance of the 10 2 4 _ 
Sb from the Meridian, aud draw the Line © P,'for the Sabſtile . 
tile. | | 2 ts 

Secondly, Take 43 deg. 1 min. and ſet themfromPto5,- || 13-1 | ® 
and draw OS for the Stile, ; b; 44. Loh oO 
y Tyegl ; Ont of the former Table , take the ReſpeRtive > i -. x 
Sines 6 $5, 42, 27 and 12, and ſetthemfromO to the 3 0 pf M4 
ſeveral Points 82, 57, 42, 27 and 12 upon the Subſtile, | C=Y 78 0 


and throughthem oa the left hand Side of OP, draw Lines 
Perpendicular tothe Subſtile OP; as the Lines 82 a, 57 b, 
42c,27dand 12 e: Alſo, ſet the Sine of 3, 18, 23, 48, 63 and 78 upon the Subſtile 
OP, and through them draw Lines Perpendicular to O P towards the Right hand. 


on this Weſt 
takingthe leaſt; Piſtances from the Points 98, 63, 48, 33, 18 and'z to the'Subſtile ;*a 
itting them | their contrary parallel Lines;ſo ſball drawn from © through cat! 
of them bethe Afternoon Lines on the Eaſt Side of thePlain, NETOSY” CON7 1 , -:NG 


x 


; | +8 


- The End of the Thid TRACTATE. | 
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Side of the Subſtile : For thoſe .on the Eaſt Side they muſt be found by, 
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Pg” 
ww 
q\. 


|; 32 (1270 6 12 v8 
57 . 27to 7 27 d 
my 27\ 57to 9 J7 - BITS "| 
# $3-t4s 2. he bl : 82 1010 4, Br rn l 
$0 hall fhe-ſevera Points: 6,7,8,9,10andPconltitute almoſt one quarter of nf, | 
andLieys arawa fromO through every of them ſhall be the ug Hourlines for t [8 
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OF THE 


FURNITURE 


With ak oy 


SUNDIALS 
"May be Beautified:; | 


A ND. nn ot 


How to Taſcribe ſach Furniture upot al <&oHix of 
ONSET EATERY Several, Maas. T 


_ 


The Fourth TR A TATE: 


Y ET 


—— _—_ — 


A. S Zines may be deſcribed upon all forts of Plains, wich by the Nha- 


dow. of a S:ile or Axis will ſbew upon the Dial-Plainithe Una Hout 
of the Day : Soalſo upon ſuch Plains may ſuchother Zines be dei 
ſcribed that have relation to the Su»'s Courſe ,which by the Shadow 
of an Apex (of Point in that Axis) ſhall trace out,and diſcover upon the Placn, 
many uſeful and neceſſary Afrowomical Conchilions == As: to ſhew the 
Time of the 7ear The Riſing and Settingaf the Sow +—=— The Zedgrh 
of the Day and Wight The Azimuth, os Paint of the, Mariners Compaſs 
upon which the Sun at any time of the Day i is —— The Amicenthar, or Cir- 
cle of the Sun's Mritude, whereby the rpportign that any Objet bears to i 
Shadow is diſtovered — The Ba loniſh,  Traliant and. Fendh (or for Unequ: 
bours —— The: Sign of the Zodicck in the- -Meridier, \with, awe 
and Deſcending And the Circles of Poſition, dilcoy rin i is 
Twelve Celeftial Houſes the Sun at, any time of tl wg is © 


— WS" 


c rs Bos lan bo 

Of the Habitudes' or Afﬀfettions that Juch Greit Sl Cirites of 
the Sphere which may be Ee wpor Dial. Plains, hay to all fuch 
Plains us he may be deſcribe ed upon, gh = ts 


\v 


Efore I proceed to ſhew the malt «bing he 'Cireles ho 
| phere upon Dial Plains, lerme give you a ſhort aeconnt'6f their AfW7- 
oxs, which I Reduce tothele following Heads: 707 10H wi " wy | 


112 Of the FURNITURE 


I. All Great Citcles of the Sphexe, ( fuchare all Meridians or Hour- 
Circles , all Azimuths or Vertical Circles, all Circles of Poſig- 

', on, &c) being Projefted upon any Dia) Plains , do become therein 

. Streight Lines, 4nd, bag —_— : 

II. ( If the Plains on which ſuch Great Circles are Projefied , d, 
lie, or ſtand, Parallel to thoſe Great Circles in the Heavens, then are 
thoſe Strgight Lines all Parallel one to the ather. But, (2.) If the 
Plain pon Which they are Projetted, lie, or ſand, Perpendicular to the 
correfþouding Circles mz the Heavens , then the ſtreight Lines ſo pro- 
jefted on the Dial Plain, ſhall all meer in » Center at Equal An- 
oles; And, (3.) If the Dial Plain upon which theſe Great Circles 
of the Sphere be Projetted do lie at Oblique Angles to the ſame cors 
refþondent Circles in the Heavens, then [ball all the ProjeRed Lines 
repreſenting thoſe Cireles in the Heavens , raeet in ane Center upon 
the Plain, bat, at Unequal Angles. 

Ill. ASmaller Circles of the Sphere, ( ſuch are aff Parallels of the 
Sun's Courſe ar Declination , Almicanthars or Circles of Alti- 
rude) being Projeted upon any Dial Plain, become Conick SeCtions, 
viz. either Seftions of Ellipſes, Parabola's or Hyperbola's ; Ex- 
cept, thoſe ſmaller Circles be projefted upon ſuch Plains as do lie' par 
rallel to thoſe ſmaller Circles in the Heavens : Aud therefore, 

IV. All Parallels of the Sun's Courſe, or Declination (which ac 
ſmaller Circles) drawn upon a Plain, which lies parallel ta the Equinas 
tial vs, the Heavens, which Equinoctial is that Great Circle of the 
Sphere ts which theſe ſmaller Circles of the Sun's Courſe or Decly- 
nation are parallel ; thofe Parallels npon. fuch a Plain, become pet- 
fe Circles, 4nd, _ Kt FFRCS 

V. All Almicanchars or Parallels of Altiqude, being defartbed upen'« 
Plain, lymy parallel to the Horizen, to which Grear Circle aff Alm 
canthars ere parallel, thoſe Circles of Altitiide” beiug deſcribed upad 
ſuch a Plain , ſhall alſo become perfe&t Circles, by the ſame reaſon as 
the lat beforegomg : For , the Almicanthars have the | 
or Habitude to the Horizon, as the Parallels of Declination have to 
the Equinoctial. | FR. 


rude, whether they be 24h Dt Road: 6 in that | x 


% 


do both Decline and Recline ; are in fare ane part of the Ward, — 
ther, Horizontal Plains : And lock what Altitude or Elevation the 
Siile of «ny ſuch Oblique DW beth mam Latinedean that Larirude 


will th. Plain. be ax Hoxizonral Plain, bat wedes auether Meridian; 
VII. When the Hour-Lines proper to any Dial'Plain be drajon' theres 
port 


pI "$5. £7 
» 8 Fo» 
ly, | 
—_— 


ft SOD DS, | 


upon With thei TW and Quarters. If 
terwards) you draw an Horizontal-Dii*p 


proper to tt Eftitide tm Whith the" | 
and find upon thoſe Occult A ” 


S 
which. ſuch Hours, Azimuths, Pare Gang & 
Declination, ARE # fl hg r4Þ nt $: 

(whatever it happens to be) / vgs ih e hp NE: a fterwards —_ 


tbe Horizontal Hour-Li | be the 
true Parallels of the Sun' fl MonlY = lf eres "tt by 
Direc, Declining; Rech 1 Dees 1 wo mo ah 
VI. The Whole Se or Axis of the Do Os Bo <p 
hour of the wk | doth. not p/7 ena wh Pall FI” 11 


&c. 'but tbe. Sha adow Tees 

Shadow whereof acit qreepdth-ulong if Ls Linesor Seahons, wil New 

you What the Time, of Lys, - "ay Gs hk 2 mn 
TT : eofen4 Ioypg i 22990 IÞ' 5 


. C2 
Having premiled theſe fey : dfeilions. 1 Mil 50 ks Wetr ily, 
and then Arithmeticall yoo d Vs ally » ax. 
to fidd Points upon, any 
Seftions are to pals ; ah; the AT: ing founf; a pt unto you \ 
ther they be Srreight Lines, —_— of Circles, or other —_ Elliptical, Pa- 
rabolical or Hyperbolſtal;\ ! v4 otro en $0 

Now (becauſe the Sun in his « Coot moverh Contiauall between the two 


ay ori EA _ 

ropigal Circles 

Horizon « And refore it Siem 

(namely; j, the ET, Ne ty 

cribed 4 (pn AM on | 

ther Circ whether g 

ches : or of any oth oe Sa | 

ſhew: EEE Si he Mags ne 

al 0 9912 40 om19V Hon ING 17 321 bn « nin] 107 

oli. \ | | EOITVY 1 21 | 787 coat WY 3571 555 
MELTS 92tor! ) SPAIN Y'4! 'l e Ag. 


64 Ong 7p. LN F 6] 25 
**, Fi 5.9 wh £L Jo ber 


Howta forte the Equigadil, tes 
Ibo lt. Declmadion , it .7.19p0nt 
Jets of Plaing'- ' 2d11 Þ, 21 02 A Qi i 1h 3; har age 89 ninth 
(117 11444 Þ C "AVE oft I; \Whaus ad 105 | 191974, p Te 2111 

Hee roo VO 


h , bt Oe bp 


3 VNR HTO F Er 


k  anteait 02414 (l al ont] od 4/b . Q dave {13 


Sh a" Ido mr 3dir3 "Fa Lo 4:3) to vb co Fi; 


z m '&'E 
Ho 


p_—_ 


'n x 
114 


Ptnr Dal 


Ja v1 "0 fnge 


Of ue \ FURNITURE | 


har | - WR 
| wan og bo the ei of the Wald. | 


Secondly, 
- Mid, As lic O liquel 


130 ( SEC T4: wn Juch Plains 4 are Perpendicular to the Abice 


"he ofld : As, upen the Dire# Polar Plain. 


Poli _ is ſick F Plain as cutreth the fvis of the World at 
A. j\ as-is deſcribed in the 16 gals; fd Firſt Traltate, is 
no other than a Circle divided.mto 24 poo fouw! And'this/Plain-cutring the 


e World at mane ndioular th jenna and 
ple inde wed kl el to "$i very lain of \ beg: an wioitial Circle 1n 
Heavens : Ah theres re rhe ef ir ſelf, and Fitter Parallels of De- 


clination Fam eywecens Prey Pltin, Will be Cirekes : "The Sileof 
chis Diel:(as wo'the making of it is ſhewoil) may bez ſtreigin” Pin or Wire 

perpendicularly erefted upon the Plain, and iſſuing from, rhe Center, ,where 
Hl the Howr-lines meet with ual Ang es : The lenth of this Stile or Wyre 
Ho arbitra refpeQ of wn rm .hut the Apex or Monica uk aps 


A. Es Purullels bf Dectivarios (or other 
toy ble limitation irc 
Spot md ef at ad therefore 1 will ſhew, 


1. How to proportion the Stle to the Plain 


Th 14. SALE 
1 this Pl, th Ri cit be eſti; wh 
norg TEES thixCird Cheb ries be ei : Hi at 


PEE EE 


wetefore whir rk dal 
your Plain; And let the outermoſt —w agen le of your Ptaier 
Hol, that Parallel which harh leaſt Declination from the Equino#ial Cirdle. 


In wy ares v. we made choice | for a Reaſon which will hereafter ap- 
pear) 0 Parallels, vizz of 11 16 55 min.of 21 
Le and of 23 os 3e + on rs tha the Sun 


W brake i in oxther Y 
Etta ay iinge 
ants uFlinu of VI, 
CRP at righ OY pr nt > 
thoower &Cictherel th ot Og of the Sun's Courle when he ha 


6) [3 \ey a) - 


icular th en u 
with.6o deg, of a Scale in G0 deſcribe an obſcure Arch of a Circle GH, 
FI 


4 X wo» F 4 ", « _ » "2 02% p 
y - | af df 
« [5 4.9% 64 Sdn. 
o * - 


take't 1 


wad-dwroF your 


1 " 


a lA aL Tomads rojer rg 


Matiy Horizontal Lines may: be aty Plzjs, but the Horizontal 
Line Proper to this Plain, bet ys "the Plain, ſo, as tolie in the 
fame Plain with the Apex or 7op of the Perpendicular Stile , and to find the 
Aer thr the Mev as $ N / through which-this Lins nant pals do 
! ns. Ln 444 

Upon the Point K, deſcribe: Seen Arch'ef 4 Circle; und por 
deg. 32 min. the Zat#ude of rh& Plate from: D wo icrient deve | Line K 

cutring the Line BC inM ; 'So the'Uiſtance D Mailer inrvhe and 
fer upon the Daly Plain bpon. the Meridian fromthe pn os to $ 
in the Rechaing P. laty, (but downwatdetirhe Vectlviny Pls) fe wri 
through S, paraſlel tg E W, as P SQ, it ſhall be the Horizonte! Line for 
this Plow: and beydrid this Liaevhe raph act Pavaſels of Dertinacios j or 
any other Furniture need to be exter ndeg-  pawraret A | ; VA THO oy 


Le 0h Pas of 


\* \ Ir it. 


bet 41 


It. To'draw the Tropic 5 Caiieet 
bn oonitips I orfycmo1 


CE 0? Xa 10 ALITT 1 5 

The other: Parathels of Dukapios ting 14 1.6: dep." Foes Eu 21 dey 

40 min. —— 23 def. $4 min; Set Int 
H'toh#z e td: Gander ts'{ lies ©6/ TCH Gt 1154 ban? Br 

This don, through ths Paine 4; & } Un the Lirs KR" Patalletto:D C, ant 


whote that Tine erofeth the Lited'6f the 7/4404 driivn frodrG Quit adoth ar 
the Points K, DP 15, qa CET te to 
< No as & 9, 
: haifbe 
be the 


the Circle t6, 16.4.6 <a. th Wi . 
of the 7iypickof ©; &, 5 <a Why wh) 
ſcribed upgrithe Cenrer A, of the Die" 

the Sew; dd Heth fieoh: Plilibiiood 


pleuſe'; V 
Ai Attti 
pleaſe, only havir 

7 WOE pt wo 


SECT. Hh... Plains Ty 
World) pe ah +: ht 


frogs 0 0) > TY 


Rds 


Wi ug 


Fi "i ,% OJ "a mg Vol 4, mw 4U 920 ct Smt 36:51 
Ob tomaeas by = Cena. 

the Squere ABC Dbe's | War Dia deown, 

the hoigftt of rhe Ste Beit eq difurics betwecirhebalreof gardd 


6, noted Aur with the IEG} 'o664 tv 5d B& faquites rb rife up EA 


f:nind 
; Wa 


Figure 
III. 


T1 _ Rune 
O00 
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'o: ki POARNITERE 
kde.two Zropishs.: [Now the Equindtal bling 


EmePluiniht Fecizatio and! 
a Great Girelb bfithe beret thtreſdiea Fromm ren 
the Dil -by-the-Lide «4-5. The Eloor- liver: Laine tial 


drawn, we thay preteedtotht reft of the: Workin nianner following; as 

But firſt me Fol be neceſſary to draw the Horizontal Zine proper fo [A a 
Plain : which is done in this manngr ; for in all Upright Pleins , whether Di: 
ref or Drelining\ his's fot dtiWing the Fiorizontal they FM 


A. There "Rode, 


io lp he Iva the; nf Live muſt be ' 3-40 trough the #g 
of the Perpendicular Stile, and allo through the interſeRtion of th c £qnis 
- ?idtiat Circle withithe Hout-line of Sia; ro theſe Zſftor 1/4 Dab oe 
be þ... Points are co-incident;and is hererhe Point E,whereforethrov 
E;Xraw:theLine MEN parallelto the FHorizyn , or Ry 
M BG equal tothe Latitude of the Place 5 1. deg.132 min, «he 
E Nia drawn ſhall betthe! progers/#oroxawer Lips for this Plazn,;!; no 
 N2YQ »: © Cure 
54 The EquivaSinl Circke E Sand the Hprizonal Line M EN , being trazn 
a e251 Plain ; ahi 1 bene W171 31ZS * » 1260 ys 


piece of fine Paſt-board, or other convenient matter, draw a Line 


rch of a-Circle R 
w) (& the K andypon, a Ft VG, wh of CO obs is 23 as he! 


}& 

. 

” ., \ 
. B+ % 


\ diſtantfrom the EquinoGttl, dock # Sidethet6of, therefore on the Arch R$ 


NEW. . - * 
wo 43) 411 


1 


ſet 23 dep. 31 _ from R to S, anddraw the Line O $, then ſhall the Line 
OR repreleat noegial,: and uie-other Line/O'$ either of the! Det, 
and this Carmen ND:RS, we:fhall hereafter, aall the,Frigon.. 
Having fitted your wh 0 - you muſt. uy recourſe ta.ybur Diel,, and he 
thence with Lau Laoge $y0u muſt larft take-out the EG/ 
the height of) therbtile of the ame Dial} LpeyH it downjo ef rages 
OtoP,; attire che Line Grerpeninele kg & fra G Ghe 
 Secondly;Going to your 
the |to:7.the. gamer of "9 nos rn 


Zrigon- ;040g, anddtiwiheLinggNs gy O TS 


take outok youn'Plait the diſtanon it dowg jn your Zrigoa n 

Or addy 6 Lan, pred O RF Four ly, Wy fy 
| pin your 74 a; 

Gon 9 perpendt 0h Hip, 1 


;take.our fron Plaiathe. diſtagae 

42 ROO Ag INAIEE #; Ahn, 
1 prick tdown in; 
go» from © to.v; rank PpgculartoO Ry a is doen Hi 
Thele dillpnceabeangs þ 7 49 8, of your Plain, _ 


your 7rigon, it refteth qa, you how they mult be again er 


fro het] the bref 
TR RE Tn ght wn 


pee rake thie pipes Þ 6, and ſet” 
your Plain {ok E to c, upon the Hour-line of Six. 


a SE en + 


Thirdly; take:pat of rigew the 
Thin from: IV-404,and frpm Vilto « npan Pane Eno Ne$91:;4 and 8, Nig hoo B 


take _ 


- 4'* % 
ab ['8 l 
4 . p. 


- 20f SUNDI ALS -. 
take out of your 7r7/go»the diſtance s 9, and ſet it og your Plain fs m-IX to / 
Fiſthly,cake from your 77igo the diſtances 10, i rage Bla from 
ro g- Laſtly, take our of your 77igas the diſtance 11, Fr (og 9a your 
Plain from XI toh, "PD .- 4 omen 2 any g1h 014; ben lg ih 

Theſe Points 4 #c de f'g b, being found upon. the leveral and reſpeQive 
Hour lines, ſhall be the Poiats through which the 77opick of Cancers ſhall pals, 
therefore draw the Line abc def gb,.with an even that icmake:no. An- 
gles and that ſhall be the 7ropick of Cancer ; ſo that when the Sup/is in Cancer, 
(which is about the 1 x of Z#»e) rhe Apex or Top of the Shadow of the Stile 
of your Dial will run direttly along that Line « b c d ef g h, and when the Sww 
is ia the Zquinoial, that is, in the beginning of. Aries or Libre, (which is on 
the z0of March, or the 12 of September) the Top of the Shadow of the Stilo 
will rut alongthe FquinoiFial Zine E'S, _ 143 \\ ata" iis, 

The 7ropick of Cancer being drawn, I will now ſhew you how to, draw the 
Tropick of Capricorn , which differeth nothing from-that of Coarcer 5, becauſe 
they have both of them like Declination from the E£quinoial , therefore the 
diſtance VIII being made equal to the. diſtance, YVIILez and the-diftance IX / 
cqualto IX f, and the diſtance X »» equal to X pg, you ſhall haye the Points 
k | m and » upon the hours of $, 9, loand 11, which, Poigts.& / » » 
draw the Line & / » x, &e. which Line ſball repreſentche 7ropick of Capricorm, 
along which Line the Top of the Shadow of the Stile ſhall run abour the x « 
of December, when the Sua is in Capricorn, | 

Having thus plainly ſhewn you how to inſert the Zquinodtial and 7ropicks 
into. your Plain , I will now give you one Rule by ch you-may put. on any 
other intermediate Parallels of the Sun's Conrſe , differing nothing at all from 
the direQtions formerly given you to inſert the Zropicks. 

Conſider therefore what Parallcls yoo would put on your Plain, and find 
what Declination the Sun hath when heis in ſuch a Parallel, and accordingly 
inſert jm degrees of Declination into your 7rigon, as before you did the 
Tropicks, | 

Example, Let it be required to put po your Plain, the Parallels of the 
Son's Courſe at his Eatrance iatothe 1 2 Signs of the Zodiac : You mult, firlt, 
6nd what Declination the Sun hath when he enters any of thoſe Signs, which 
this little Table doth plainly ſhew : For at the Sun's nce into 'Aries or 
Libra, it hath no degrees of Declination. And whea he enters into Caxcer or 
Capricorn he hath 23 deg. 31 min. of Declination z And when he eaters into 
Taurw,'irgo, Scotpio, or Piſces , his Deslination.is.1.x deg; 3o min. and when 
he is in the beginning of Gemini, Leo, Sagittarius or Aquarine; his Declination is 
20 deg. 12 min. | | 
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Therefore take 11 deg. 3o min. in your Compaſſes, and place it in you 
Trigos from R unto V, and draw the Line O V, which ſhall repreſent theÞs 
rallel of Taww, /irgo, Scorpio and Piſres. © Alſo take 20 deg. 12min: in y 
Compaſſes and place it in your 77jgo» from R unto.X, and draw ON, 
ſhall repreſent the parallel of Gem, Leo, Sagittarius and Aquarius, © © 

Theſe Parallels being placed in your Trigon according to their true Declj. 
nation from the Fquinottial , they are to be transferred into your Dial-Plajn 
in all reſpeCts as the 7ropicks were, by taking out of your 77igon the diffance 
from the Line O R, to the ſeveral Points where the hours croſs the Paralld, 
and place the fame diſtances upon your Plain from the —_— upon the 
reſpeQtive Hour-lines , from which they were taken out of the 77igos , tn 
through theſe Points draw with an even hand the Lines on your Plain, whuth 
ſhall be the true Parallels of the Syn's Conrle at his Entrance into all the'1z 
Signs of 'the Zodiack , to which you may ſet the CharaQters of the Signs, ay 
you ſee done in Figure II, | "1. 


« And here note, that iff you draw upon your Plain the halves Tn | 
of hours, and put Tall rw your 7rigos and transfer them to ypur Plaig 
again”, you thall then have more points , through which your"Pas 
relels maſt paſs, which will much help you in the drawing her 

ally in largePlains) for there is no better way to draw theft kmc Lf 
ray t by finding 2 great number of points, and fo draw them y) 
aneven hand, ſo that they make no Angles. Fog 

« Note alſo that whatſgever is hers ſpoken of the'Fft and eff Dia 
the ſame in all reſpeQs isto be obſerved in putting onthe Parallels'of 
Sun's Courſe in all Plains that lie parallel to the Axis of the World, 
EquinoFtial Plajns whether Dire or Declining, do: + * 


 Inall theſe Plains, I mean F4ft, Veſt, and Pyinolfia?, the Stile were baftþ 
be made of a ſtrejght piece of Wyer, equal jnlength to the Line E ©, 

in the Point E, ſtanding perpendicular unto the Plain, the £nd thereof at Ghp 
ng filed very fine and ſharp, proportionable torhe grezrneſs of the Plaig , th 
all theſe 4#ronomicel Conilafions are ſheyed {not by the ſhadowy of the w 
length of the Stile , but) by the very Hex or Top thereof, and therefore 
more care ought to be had inthe formjng and making of it. © my 


| The Line MEN in'the*Z4ft Dial. js called the Hyrizontal Line, becai 

it tiethparallel to the Horizon, andby the meeting of the Paralth'g 
San's Courſe with this Line, the Riſing of the Sun may be nearly « 

you ſee that the Zropick of Caxcer cutteth this Line near 
the Point M, which js a little before the four-a-glock_Hopr-line, which 
ſhawed, that when the Sun is in the Tropick of Cancer), he nifect.lome- 
what before four in. ihe Moray, inl;ke manner the Tropick of Capricors 
eutteth the CI. ou Fra ae », after þ 7; at which time the Sun 
rilcth being in Capricars, wa farther uſe of rhis Line 
ſhall be ſhewed hereafter. oy qQ* ” 8 


I have beenthe larger in the work of this &5j0s), becauſs. I intend tp be 
more brief iq thoſe which follow, and this being well and truly. Hs pO 
thoſe | follow wilt-aced very few Pregepts or Examples ; Having 
hniſhed the Paf or 7Pef Plains, 1 will tow ſhew you how to do the Iikejn 
the Ferticdl or Horizontal South or North Plains, whichare the next in _ 


Ll 


a 
aa wand 6 
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Put firft = ſhall give _ the Sight of an pp opopinn' wick ts Furicu 
in Figure IV 


anulq 2067 lng «ih 


SECT, Il. thin fuk Plains a tit the Aga & yy at Oh- 
lique Angles ;, 45 upon the Vertical or Horizancal, the Noxth and 
South cether Direct; and the North ond __—_. Reclining; 

11 Tro7 nn | 
di al theſe Plains che Sabfitar and theferiiaw ate all one, and the height 
of the Stile, in the Yerrical or Horizontal Dial is abways equal to the Zs- 
tztade of the , and you-are to take notice, thatwharſoever is faid of the 
full North and South Upright Plains, the fame is to! be underſtood of the #er- 
tical.on Horizontal Plaig"ithe full Nhreb 204 (Soutd Keck or. Prclining ' 

Plains, all which inthofe Z4titxdes, whoſe: ement is<qual ty the height 

wy cage _ - hg Pe * Plains, and qr menu 

wRicnarg quilt the He Srile above ch} Acrtinine Plainic 

Horizons Plains; par kt ;& te 'therefore in one Plajiv wit be ſaflicienc for 

the reſt. '': Therefore, payer rob 52 deg- 34 mig. Let it be'required to 


' deſcribe: the EquinoRtial,and the two: 7 icks in i ore in. 


Having drawn your D#al with the hour; babes , av alſo the Line 
CQ forthe Swe,you ruſt affumefome point in the Meridiqrior Subſtilar Line 
through which to drawithe E&quinot#idd Cirele, which wa fixeight Line | and 
through xr os int ſever you draw it, -it muſt be Paraflebto the Hour-line of 
Six, gn. conſeque rpendiculsr ro Twelve /:' but let'ie be fach a point as 
the Equinottial: ſequel perpen conditions) may croſs moſt of the Hoar Lines: 


the poincafſumied bes, upory which point deferibean Arch'of a Cir. 
cle, cle, and-muke an Angle equal tothe Latitude of the place , vis, $1.deg, 32 


min. as the Angle L «'S, drawing'the Line 4 S, fillic out- the Line cf the 3p 
Cans, felis $ be the point in the Stile 5 for the Aedur or Kuo 
which muſt give the Shadow to the 7ropicks and others 'Purattet of Declination; 
For all icky onomic cl Concluſions are not ſhewed _ Shadow of the 
whole lenge of the Stile or Axs , SOIT bur by fome: point therein 
which reproſecreth the Center of tho Bare, whichinche Dial tolloging is 
point S, and the Triangeler Stile in' that Dict is repreſenced by the Trian- 
wi 7 $ L,. whereof G Lis called che Subſfolar, C'S: the Av of rhe Stile, and 
S Lthe Perpendicular Stite, the'Ze Fr which, «2, $,is che point'we are iarhis 
place torelpeſ, and thusls your ned to your Plain, >! f 
The Did! being drawn , and che Triangle C'S L made al thaCeb os 
the Dial, ——_ upon a' piece of draw the langle OPR-equal 
tathe Scile in your: Dial C$f,,- making YOequalto CL the Subftilar, PO c- 
July: Ons Axis df" the Seite, atid Rog 6 SL the kamtvof the per- 
Þe Qi & CV, %% \ 
Then from the point P; raiſe's pendiculer as PB, te reproſorcing the &- 
ial, and on Þ a» « Center, fey Arch ABC, now becauſe the 
ropicks of: Cancer | nd 'Copricors do dectine 23 3 dey 28 vin. moorhopucly hr 
nottia}, therefore rake > 3 x atop be Aprrmag aur 
upon the Arch ABCfromBto A, and OB roC, io Cos, ineof 
and P C repreſenting the two Tropicks of Cancer and Capricorn, This done, 
extend the Line of the Subfiler R O (which in North or South ereQt diret 
On and alſo in the Vertical or Horizontal Plain 1 told you, was always the 
aye with, the Twelve-a-clock Line) from O to 12,cutting the FquinotFial Zine 
the point 4 then with your Compaſſes take the diſtance O x out = the 
rigon; 
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Plain from the Center C unto 4, ard draw thi 
the Subſtile or Line of 12 z which the Equine 
plagn the diſtance C 6, and that 


ſtance Cc, and 
Oc 2, repreſenting es we 
Plain the diſtance C d, and place it in your Trigon 
the Line © 4 3, for the hoursof 9 and 3. | - Fourthly, from your Plains tal 
diſtance C e, which ſet in your 7rigon from Ountoe, and'draw the Line 
repreſenting the hours of 4 and 8. And 'tbus muſt you do with thereſt of : 
hours in-your Plain if occaſion requite, .: . why ove, iN WIT 
Theſe Lines O «, Ob, Os, O a,and Oe, in, your Trigon, being extended; do 
cut the 7ropick of Cancer Þ A in the points 12, 1, 2,a0d 3, and the LigePÞC 
repreſenting the 7ropick of Capricors 1a the point, 12,11, 40, gand 8; thers- 
fore out.of your 7rigon take the diſtances O.12, O 1, Oa, O'3,0-4; adfer 
them upon their correſpondent Howr-limes of your Plain, from-the Center:C 
unto g 4 5 t and /, ſo ſhall. the pointsg h # & and /be the points upon the Hours 
nes hack which the Tropick of Caxcer mult paſs,and is therefore noted with 
the CharaQter of Cancer 5 at bothends. : Fx 
Now before you draw the Tropick of Cepricors, it is neceſſary;to draw 
the Hortzontal Line of your Plain AB, which Line in all Upright Plains not 
declining muſt be drawn through the point L , the foot of the Perpendicaler 
Stile, and perpendicular to the Meridian or Line. of 12: And in all-Plains 
whatſoever , this Line muſt be drawn through the InterſeQion of the __ 
#ial with the hour of Six. This Line ought firſt to be drawn , becauſe it-is 
| very improper to extend the 7ropicks or other Parallels of Declinatrow,, aboye 
the Horizontal Line, becauſe at what hour any Parallel of Declination cutteth 
this Line, on either Side of the Meridian, at that time doth the Sun Riſe or 
Set, as was inſtanced inthe laſt. "ew 
Now the Tropick of Capricor» muſt be put upon your Plain in the ſame 
manner as that of Cexcer, by taking out of your 7r:gow the diſtance from 0; 
to the points 11, 10. 9 and 8, where the ſeveral Hour-lines « 6 c de do cut the 
Tropick of Capricorn Þ C, and place them on your Plain from the CenterC 
upon the reſpeQtive Hour-lines , and through thoſe points ſo found, draw the 
curved Line v w, repreſenting the 7ropick of CPEes. {2d 
T And inthe fame manner may the Parallels of the other Signs be drawn 
upon your Paley by gang them into your 7rigow , according to their Derls 
nations, and afte s transfer them into your Plain, as you ſee in Figure V; 
The Rules that have been here given for the deſcribing of the Parallels of 
the Signs in this Ere&t Dire@ Plain! is Qoniverſal in'all Plains, obſerving this 
one Exception , that whereas in all Frei# Dire Plains the ' Eaxi is 
drawn perpendicular to the Meridien or Line of 12 , ſoin all other-Plains 
whatloever, the ZquinofFial muſt be drawn Perpendica/er to the Subftile, and 
RE DET a 
( t OTK W C10 aSma tar 
more largely in this next Sec71ov. _ d | 
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SBCT.'\IV.-I » Notd;er South Freft Declining ; Tn Eaf Welt 


Direft Reclining : % bh ORD Svurh FOE "nd died 
ing ac 


= 4 ja that ſhall 
are ita 
= 


Vork vill 
of the ah is. dy there bs but 
boa WOT ——_ at th & moſt, whereas in maft of thele of Da hes 
mentions 9, 10,07 24g If es mult ſometimes be made uy Dok m1} od + 
; One Exam Þf: ay al verfar all, and \ec.it be of a Face Plain Declining 
Eaftoard. 305g, and! $egfnigghtrom:the Zenith 55, deg. which. is one off che 
Dub of: p19 6 prer 9 Fes 7 Trattate z Whole difference. of Longitude 
was there, png 9þ64? &8-13 Lv jo hey eaeY 19 deg. -2'5 Min; —— 
This Dzal OSOOa4e yon quinoitial, the Tropicks (and 
other i Pa the! SUA's. Courk a delorenin Eqn that I" Daal & jan 
TO Dial ia that part of the World which ies Zeitward [70ep w, {nds 
1 "AA" And ia th tixude of 19 deg} 25 min, Wherefore; the 
Ke, £5 proger to ; together with «6 Stile-agd. Subſtile be> 
= drawo Rs Io: the, Subſtular Ling of, this Nial 
to bethe ;Txelve.a- Dy nyt ng, Dial forthe Latitude of 
19 \ deg. 3 Gſm, « Fac a DN ely.upon. this Dial-plain oh EY 
Bahn ure, oy es Ny ;H@&#6d .to the drawing of 
: 44 10 2:13 16 


5A TH a 212 1 NJ \ 2 
a, at mr iihaoce of the Miridier-aa Fiouts 
F7 upon the Segircle HGH Yin, 
Say hany propen for che-Plain 
ed , drAgrernl. Trghate {erm 
MF "har SoAeS Win: 


. ES E the from G the Fad a4 
Hour-lines, and they will ho 
Dey in that Latitude irL-ed þ het; - botite 

Yak inont ab1 * W 49 Vat erik IrminC v6 


ris dogs ume ariy as D, Re which fo draw 
the oben— Hy Line at Tig | Fd upon the point D, make 


ones 3 


TY Of the FURNITURE 


; Obſerve where the m—_ of __ - nyo the Equinoitial Circle 
wa that paint (always) you orizowel Zint vfida 

Figure Plgiy fought parallel tothe Horizows! Bake of the Plain EAF. 
VIII. Now make a / inn wherein let C A be equal to the Srile, A B to the ub. 
file, and C Bto the Axis of the Stzle of your Dial, and draw the LmneCTsx 


perpendicular tothe Stile C A, —— Upon C,. with 60 deg. of your 
deſcribe an Archof a Cirole and thereon bot 23 deg, 31 min. the 
of the Tropicks from L, both ways, to K and M, and draw C Kand C 
This done, Out of your Dial-plain from the Center A, take the diftances of 
ry of the Horizontal Howr-lines Org ame with the Subſtiſe) and 4 
hh 10 Th © 2” iſtances upon the Fquinottial 1 in the om the Cemter A, to the oQint 
af 65: Hal, cd,e,ark f, Which done Iriw Lines from A through! zine 
asthe Line « A,b A,s A,d4 A,e A, and f A,which diſtances bei 
Compaſſes from Ain the Trigon , an rk pon the Horizont Claw ies | 
the Di/-plein from the Center , ſhall there give ve the Points watt 8,9, +, 9,09, by | 
1,2, 3, 4, throu hk which 8 Line drawn with'an even band 
ther without any Angles ll bo ae Toke next the | 
namely that of Cancer, —— The Points for the other Tropick'of Capi 
may be fona by taking the Diſtances from A, out of the '779gon, to the Inter. 
ſe&ions of the Horizontal Hour-lines with the Line C K, which 
to the Plain, will give the Points 9,10.11,12,'t, 2, by which the 7ropict of 
pricorn may ' be drawn : And thus have you uponthis Declining Recti 
deſcribed the Equino#tial and the two' Tropickiyand by the fame 
you may inſert any other intermediate Pa of the NN ny parte 
I have been very large in the Work of this Chapter, but before 
I will give you notice. Thar, 
Whereas you arediretedto take cutof r 774908 from: "It "2 
Tropick or other Parallel that you are to'ſer upon your Phin; arid apply thi 
diſtance to the correſpondent Hoer-line fromthe Center of ithe: Dit: (ral are 
to Note That if you take the diſtance yporthe 77/gvn From 'the Tritel 
ltion of any Hoar-line with the Zquinothal , th the 7; ky or” Parafe! 
bran upon your Pls : -and apply that diſtance from'th&-ſrer| 
me Hoxr-{ine with the Equinoitial on the Plas , you Thall 
Beet upon the Hour-live ag kerb rae ens nf 
the two. (r.) B the Comp 


wrote mr—_— vouruty T7 TETT TITTY js. 

Gin H A P... "mn EE weſt 

Sv 2 to inſcribe the Diurnal LEE or Pa ral lels Li the my 
£ the Day on ay Plain. * — 2 SJ 


He Pali ofthe Lexgrh of the Diy 4 CRAIG 


Sr nh wal Ah fr 


when you | — Par I; of the” Suns eotfince into the 12 


Oo BUNDIALS. 
ſeek what Declinftion' the Bin Hari, axducarthgoptocets | 
rected : NOSNATICG oigonnteby opti 


Declini#tion rhe Sun hath' #« Tach A of the as you would 
royour DiaF-plain, which tht you'ty Ihave rdFriy bo Rite Glo: 


., 
6r ſhorter your da propoted i thed as 
Hovrs, Ne endraethe ien Liſerencs, thepropertionWeill be, , 


As the Sine of go deg. 
Is to the Sine of half the difference. 


Sois the! kn rt je wma the Latinade of the ol wy | 
Mott + Sy ws 44 + == phat nm ve whinithe day i3 
mhas you require. 


As for Exainple, Let it be:required to know what Declination the Suti ſhall 
have when the \day. is 15 hours bag i< the Latitude'of 51-deg- 3 24min. | The 
difference berwix x5 trours 2nd! 122 hours is 4. hots, (or 6e deg) the half of 
which is 90 thy: Therefare lay, | 


As the Sine of , 90 dep. 10, 0006000 


is tothe Sineof gd deg. which is half the difference, . $:698970 
So the Tangem Complement of the Latitude 3$ deg, 28 mit}. | || 9.960086 


To the Tangent of the Declination of the Sun, 21 deg.4o min. x94 $9905 


- And ſuch Declination ſhall the Sun have when the day is either 16 Hours, 
or 8 hours long in the Latitude of 51 deg. 3z min. 
Now if the day be above 14 hours long, the Sun hath North Declittation 
_ if leſs then 12 hours long, he hath South Declination. 1 have here added 
ble ſhewing what Declinatiog \the Sug hath at ſuch time that ay ay 
aj 8,9, to, 11, 12313, 14, ts, or 16 houts bog, inthe a pr 
32 min. which Table was madeby the proceditig Proportion , ed: like 
may be done for any other daysand in any other Latitude, 
- By whi Ag oy whey enginy ho Sanbunh ule; hl 
bavrs long, 1! no Dealinazion, but 3812 | 
the! I ng ITS In 
bovnlen jibe. Dectination is then 5 degy 55 $9 moln-ae, 
when: #. either '9: or 15 hours 
hath 16 155 min.of Declnationand for he rt, 
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pichy'as hath been already taught. 
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muſt then , for the drawing of the Parallels, of the length of the. 

ave cert to the little Table before going, andinſertithoke Degrees of; 
clination'into your Trigon, and:from thence transfer them to your Plain, «<q 
It js to be performed rin all reſpeCts as in the former Chapter for the inſer, 
ing of the Signs, not at all differing therefrom, and therefore I ſhall forbeax ty 
give any farcher inſtruCtions for the pexfarmance thereof, but > Bur 


7 


Figure of a South Plain Declining Eaſtward; x5 deg. with. theſe Pax; 
drawn thereon, which will inftrut more than a whole Chapter of Informati. 
on. See Figure [X. | > >:1172þ 


i” 1 01 alk 

Note, 1n Chapter 7, of this Tratate, where I ſhewed how to deſeribeidhe 

- - Tropicks-and other Parallels of Declination upon a Polar Plain;; where 
they are Perfe& Circles, 1told you that I made choice of ſuch, and ſuch 
Parallels of Declination, as of 1 1 deg, 37 min. 16 deg. 55 min. &c. fora 
reaſon/hereafter to be given; that is, becauſe thoſe were the Parallels of 
Deelination proper for thole: Circles when the day ſhall-be zo or.144224 

' - or 9 hours long, and therefore, the Circles drawn through thoſe -Paing 
of Declination are the Parallels of the Sun's Courſe or Diurnal Arches 
when the day is 13, 14, 15 or 16 hours long, as they are noted in v7 
gure /, 21 > 112 MY 2h 


\And'thius much for the drawing of the Parallels of the Sigzz'and Diubd 
Arches in/all kind of Plains. 1 will now-proceed to ſhew-you:how ſons 6s 
ther ffronomical Concluſions (which are very pleaſing and delightful) __ 
inſcribed wpotiall ſorts of Dial-plains. | n6T 016 
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Shywang. how. the lralian and Babyloniſh hours may he Deſcribed * PL 
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hapter being welllungl 
' { 10.fiTt ee 29) 00-6 bit 

Plain , theR-Howlilhies 
Exathple ſake,miradtdedice 


s you mnaſt fray ir Jouw! 
he ay TE Ro Ions cepereT Ate ARG 
Ul F when the day-is 16 hows long: ex in! 
Arches ficar eo Trophity thy appam ef 
{i 9 oo's Cottle Hef the day is 8\hours\lo pls 
th Cote When the day is 16 hours the Exqui 
alis the Parallel of the wYs/Caurſe whentheduyis 1x Howolong; 


ny 21 :oY:15 nod no: $i} 


"Your, Dial being thus red;, and als 


theſe Parallels thus. , theInſctipti- » 

on of theſe. Hourlines! is very eafie and 1:11 

plain to be underſtood. :Tobegia then with |—— | —| —|— 
the Inſcription of the + Babylowiſh' hours |, |, 21-7: 9 [7.1.8 
(which, are the hoursfrom the Sun's riſe. | 2.2 ['- 70 8.4, 6 
ing.) Firſt , 1t-45:apparent that-when. the || &//,,3|\ 1 |... 91, 4/'; 7 
day is 8'/hours long ,;that #he Sun Tiſeth-at | =? 4 l T2 (::1O,*, | - 8 
8 1n the Morning , fo that. at i that time, ' | $-: 5k 7 þ 11- |, 9 
the firſt hour after the Sun's 'Tiſing 'is 9 in | +61,,;2..]..12.,]:,10 
the Morning. - Seeqadly; When tbe dayis | &--.74 3. | 10007 
12 hours long , the Sun riſeth at 6 in the 2. 1-840 4 [A 14 142 
Morning, { that atabastimecht figſt.bour | I. ' || 5-13 I 
after. the. Sun's riſing. is.7 in. the/Morning,.; | 5/1194 9 | 4} 2 
Thirdly,,/ When theidayis 26 hautslang, [0.11 F171 $f» 3 | 


the Sup xiſcth at 4/3n.;the/ Mornings or OT TT TT 

that the faſt houngfrer;his riſing $5:5;m the Moraing, as plainly appeareth by 
this Table : by which you may perceive that when the day is 8 hours long,the 
ſeventh hour from Sun riſing is three in the Afrernoon. When the day 
is 12 hours long, the leverth hourfrom. the Sun's rifing is 1 inthe Afternoon. 
And when the day is 16 hours long, the ſeventh hour trom the Sun's riſing is 
11 before. Noon , .as by. this Table dath evidently-appear. And thoreloye a 
ſtreight Line drawn.in your Diah through Points. where the commo 
Hour lines of your Dial croſs the reſpeftive Parlls g the day length , ſha 
ſhew the true Jour of hours ſince the Sun's xilidg at alltimes of the Year, 


For Example , let it be required to draw the ſeventh hour from the Sun's 
riling io your Dial. Firſt, By the Table you ſes, that in the Parallel of 8 hours 
for the length of the day e ſeventh. Fovir Boas the Sun's riſing is-3 in the 
Afternoon, therefore oblerve where the Hour:-line of three croſſeth the Pa- 
rallel of 8 hours, which is at «:; .. Secondly,,. By the Table-you ſee thar in the 
Parallel of 12 hours for the length of the Fry, ; hi eventh hout from Suri 
_ is then x in the Afternoon, wherefore obſerve where the Hour-line, of r 
croſſeth the EquinoCtial, which is at 6. Thirdly, By the Table you ſee that iti 
the Parallel of 16 hours for the length of the day, the ſeventh hour from the 
Sun's riſing is 12 before Noon , therefore ebſerye where the Hour-line of 1 t 
croſleth the Parallel of 16 _ which is atc * then draw the ſtreight Line 
« b c, which ſhall be the ſeventh Babyloniſh hour, or the ſeventh hour from the 
Sunsriſing albthe year loog CAS 1 ” LEES 

And by this Rule, ai —— Table, you may draw all the othet 
hours from Sun riſing, as you ſee th&m\drawn in theFigure, and put Numbers 
to them, as you ſee there done ; But to remove all doubts that may ariſe inthe 


pertormance thereof, -obſerve'the following Notes. ', | 
HNote 1, That if any of the Poicits you are to make uſe of for the drawing 
of any of theſe hours fall without. your Plain,” you mult in this caſe cx- 
tend your Hour-line, Parallel and EquipoQtial , beyond the' limits .of 


. 
" 


your Diabplain , and there make uſe of the Points, but youneed.exrend. 


the Line you draw no farther thag'the bounds of the Plain, as here i 
the Figure you ſee the firſt hour from Sun riſing oroſſeth got. the Equi- 
notial and the Hour-line'of 7 within the Plaing bur if the EquinoNial 
and the Hour-line of 7 were extended, it — —— 4 

K ofe 2: 
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Nate 2. That if any of the three Points you are to make uſe of dof 
exceed the limits of your Plain , that it will be either impoſſible T 
leaſt very troubleſome) to extend the Hour-lines ſo far, then'in/thatt 
any two of the three Points will ſufficiently ſerve the curn.'' / 1 7 04947 

Note 3. That as the hours from Sun riſing were put into the Plain, by 
ſame Rule may the hours from Sun ſetring (or //44» hours) be4 | 
the difference being only in the numbring of them the hours from th 
Sun's riſing being numbred from the Welt fide to the Horizontal Lineh 
1,2,2;4, 5, 6, 7,8, 9, 10, and 11,and the hours from the Sun's ſetting! 
denominated from the Eaſt fide of the Horizon, and numbred 1 
wards by 23, 22,21, 20,19, 18, 87,16, I5, 14,and 13, as in Figure | 
doth evidently appear. TOE IRENENGS "11 T50GB 

Note a. That theſe /talian and Babyloniſh hours are inſcribed on all Flu 
by help of this little'Table, and the Rules and Cautions'delivere&in" 
Chapter, and therefore more Examples were ſaperfluots:-'Only for yy 
further ſatisfaQtion have recourk to —_ and'Figure I, wherethth 
Hour-lines are' inſcribed upon- Dire Polar dd 'Direlt ' Shun 


A Corollary arifing from the Work of this Chapter. © © 
The Parallels or Hour-lines from the Sun's Rifing or Serriwg being inf 
upon aty Plain, there will, by rheir of har a InterſeQions one with a 
other, be Points produced, through which, if Lines be drawn wich at eve 
hand through the ſame they ſhall be Parallels of the Length of the day: $6 
the Pricked Line 5 c 19 inFigure X, is the Parallel of the Sun's Courſe whtn 
the day is 16 hours Long, " the Pricked Line © & © in the ſame eXs 
the Parallel wheh the day is 8 hours Long. So the Pricked Cury 0m Sig 
the EquinoQtial Dial Figure 1V,, are the Parallels of the Sun's Courſe whe 
the day is $8.9. 10. 11. 12. 13. 14. 15 and x6 hours Long. Alſo, The Ciry 
lar Line noted with 15. 15.15 in the Polar Dial Figure I. is the Parallel ' 
the Sun's Courſe when the day is 15 hours Long: and thus may Points 
found whereby to draw the Diurnal Arches upon all Plains wharſdever.. ©. 
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Shewing bow the Jewiſh o Old Unequal Hours may be drawn wt 
any Plam. | 


( whether long or ſhort ) into 12 equal beginning their Day at the 
! Sox's riſing, and their NVieht at the 7 ror So that 12 of the Clock 
at Noon was always the $xth hour of their day, and 12 at night was always 
the Sixth hour of their Viehr , and according to this Diviſion were their Dt 
als drawn ; fo that all the Summer the hours of theirday were longer than 
"Ref their night, and all the Winter, the hours of their night were 
ra gotta Se 
t were equal, a Wi our 

Account, but at all other' times of the we different. rr ae 
The 


[* was the Cuſtom of the Ancients todivide their Day and alſo their Night 


10] SUNDIALS, _ 
The inſcribing bf theſe bo: tio. all kind of Plains is | 
ine i Ehwig fe ons Bae baken huipach lei 
the Hours, Halves, and _ EF; urs 
and alfo heewo rerkdo and te Þ Paralkels of the tength 'of the day te 
» 8s yem]fob done in Figure IX, which xa South Blajadecliving F 
Eaſtward 15 deg. Then make choice of two Parallels of the length of the 
day, which muſt be both of them equi- a 


diſtent from the Aigg/qolfiely which ex be | 14. 17” || 4 
the Parallels of 9 hours and 15 _—_ The Paral. 


wbz 


NJ 


A. 
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uponthe e Hours, and { 
hog Common Hoarlives +. and ſo be th 
er drawn. Now the Points thr | 
every one of the Freſh hogs s up is .. 


ſhewed by this little Table 
may ſee that the lag Tables pace et bo he 


drawn through 5 hours 45 minutes ( or 5 
hours three quarters) in the Parallel of 
15, o—_— 7 hours in the EquinoCtial, 
and through 8 hours and a quarter in the 
Parallel of 9 hours. 

In like manner, the Second Fewifb hour 
muſt be drawn in your Plain through 7 of FIT 
the Clock in the Parallel of 15: through 8 a Clock in hy uinoftial: and 
through 9 of the Clock in the Parallel of g hours, and io of all. tho reft , ac- 
cording as you ſee inthis Table, and as you may perceive them drawi in.the 
South declining Plain before mentioned Figure IX. And through choſe hours 
and quarters of hours which this Table cxprefſerh, muſt the Oh unequal 
or Fewiſþ hours bedrawn, in all Plains ever; whether DireQ, -Declin- 
ing,or Reclining and Declining ,of which you have another Example of theſe 
hours drawn upon the Polar ; or South Reclining Plain Figure! IV; __ 
things are called by ſome the Planitary Hours, but they are very different 
them, for theſe reſpeQ the equal Diviſion of the Equinatt, 45 ———— 
of the Feliptick. 
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She wing | bow to i the aro , or Vertical Circles ot all ſorts 
lang. HM 112 


He Azitauhs are great Circles of the Sphere, meeting togetlice in the 
Zenith and Nadir of the Place : They have the ſame Relation «4 
F Snag, Horizon, 9s the | ex gan E Anon Iwes pothe 
F#18005 7 y: are 'yarioully ipſeribed on 
Situation. In the Horizontal Plajh tliey meet ina Center with wa qu hy: 


_— 


0f the F URNITU RE 


ur-lines did in the EquinoQtial-Plam.! Indll Upright Plditis 3:4he. 
rate oh or Declining, they are Parallel to the Moria py or Line Of 312; 1 


' in all Reclining Plains they meet together. in a Point whickriwche:Tenidh, 


Figure 
II. 


' Places, but with unequal Angles. Theſe Azimuths being great-Cintlebin - 

Fr Seine ; are therefore ſtreight Lines, and may: be deſcnbed u ors 
of Plainsas followeth. f A. , : oh 1 Jrory: 
ICT {12MM 


SE CTil 0n the Horizontal y 2112 crcnt ani 


—— 

: 1 

ay" 7 
uot o !o 199813 aft: 


may 


32 Point 


drant into 9o, or elſe by South, $ by W, $:S W,, S W by.'S, &«. if you dint 
the Circle according to the Mariners Cottipaſs ;' An Example of thete Lines 
drawn upon an Horizontal Dial, you have in Siggzalſl. 244, 2.2 £ wh. 
SECT. II. On Eaſt or Welt Ereft Dire& Plains. |, , 
= "IT 51 7 + 
Our Dial being finiſhed upon the Point E, of the Horizontal Line MEN 
in your Dial, raiſe the Perpendicular E Q equal to the Line E Gin yolr 
Dial, andon Q as a Center, deſcribe the Quadrant QE L, and divide it ito: 
eight equal parts, repreſenting one quarter of the Mariners Compaſi, and 
from the Center Q draw Lines through each of thoſe Diviſions extendiaf 
them till they cut the Horizontal Line MEN in the Points © © © © ©@y 
from which Points draw. Lines perpendicular to the Horizontal Line M EN, 
and they ſhall be rhe Azimuths or Points of. the Compaſſ between the #aft and 
the Soarl, —— Now for thoſe {zimuths which fall berween the Z«/fand the 
North, namely E by N. — ENE— N E by N the ſame diſtances beige 
{ct upon the Horizontal Line from E, towards the left hand:, as the thy | 
Azimuths E by S — ESE —— SE.by.E were toward' the'right: hand; 
ſhall give the 3 Points ©© © on the left hand of E, through which Points at6 
Lines drawn perpendicular to the Horizon , they ſhall be the '{zmraths:be- 
tweenthe Faſt and the North, viz. ſo many of them as your Plain is capable 
to Tecelve, as in Figure II. —_—— 
q Here note, that as the Zaft Dial ſheweth all the 1orning hours from Sun 
Riſing to the Meridian : and the Yeft Dial ſheweth all the Afternoon 
hours from the Meridien to his Setting : ſo doth the Eaſt Dial (hew a 
the fzimuths from the Sun's riſing till Noon, and the 2/ei# Didball th 
Azimuths from Noon till his ſetting. 


SECT. Il. HI the full North and South Ere&t Plans 
g | bis: v il 

le drawing of the Azimuth upon the full North'or South ereCt Plains 

_ little different from the drawing of the San 

or Welt Plains. But'for Example', let: be required todraw-t _ 

mn 


4 \ GOL SUN ALS; 
muths upon $ _ South my The _— and the EquinoCtial being drawti, 
rogether with the Hoxizontal Fake B., Take ig, your Conpaſſesthe length 
of the Perpendittinn SH" P- Dial {Sand Foy A the Meridiac 
Line of your Dial, from L to ©, and upon the Point © as a Center , deſcribe 
the Semutircle ELF, and divide each Quadrant thereof , namely BLand L E 


into 9, equal parts ({eachv Quadrant ing one quarter of a Great Circ 
which-1s-90 degrees.{For un this &xemp/e L have putin the {zimurbs acco 


Fi 
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gure 
Y; 


ing tothe, ,{tronapies} Account of: mem; ap 10; 20, 3o,G from the Meridian, nad 


andinot ; accordingtq >the |Aarimtrs.;Arcount by Points of the Compaſs) and 
through each of thple - Diviſions draw Lines from the Center © titl they cut 
the, Ling; A LB wa the Points mga 0,p,and q, py, through which Points draw 
Lines qarallel;to the Meridian orhine of 12, they -ſhall be the, true Azimeths 
upon your Plain; 6nd ſo:theſe, AZmuths'are according to the Aſtronomical 
Accountiby 104 20, 30,149, &c. and not by the Mariners Accgunt by Points of 
the Compals, as in the.Eaſt Dial they were, ' | Y 

}'; 0) * v6 \r.v TYILTVTY 
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ROY 4 0s wh V0 Ebeft Declining Plains. + 


F upright Declining Plains the Azimuths are eaſily inſcribed, little diffes Figure 
IX 


ring from the former. Draw therefore your Dal , which we-will ſup- 
pole to be the South;Dealining Plain before uſed from the South Eaſtward 1 5 
degrees, As FigureIX.: _. Cu | 
 Yaur Dial being;dreawn! with the ;EquinoQial,, Tropicks, and Horizontal 
Line thereon inſcribed;'! Upon the Horizontal Line, D-B.E'in your Dial, on che 
Point B raiſe the Peppendicular BC; making BC cqualto B O the perpendi- 
eular Stile in your Dial : then on the Point C as a Center ,; deſcribe the Semis 
circleR BS, This done, Lay a Ruler upon C, unto © , where the Hour:-line 
of -12 agd the Horizontal Line docroſseach other, and where it cuts the Semi- 
circle R BS, begin-to divide it into ſixteen equal parts atthe Pojats * * #, 2 
then from the Center C draw Lines through each of thoſe Diviſions till they 
cut the Horizontal, ine DE in the Points «be def g hi k andl, —— Laſtly, 
Through theſe Points « be de fg hi kand / draw Lines perelel to the Meri- 
dian, which Lines ſhall be the Azimuths requized;, which you muſtqumber 
according to the Situation of the Plain, viz. the Yeftern Azimuths on the Zeb 
ſide of .the Meridien, and the Heftern Azimurhs on the Het ſidethereof, as you 
ſee them numbreU ina-Figure IX: -, - - | {| 8X 4rt0 


SECT. V. Upon Direft North, and South Recliners. 


N all theſe Plains, becauſe the Zenith of the Place cutteth theſe Plains ob- 
liquely, makirg oblique Angles:therewith, there is-it all fibſe Plains two 
Fay to be found, before ho CO ——— * __ cd Zenith 
of the Plain, (whichis the footof the F cular Stile;) þ r.15 the 
Lk of the Place, (which is the Point upot the Plain where allthe 4zi- 
muths muſt meet, with unequal Angles, as the Hper-/ines upon all Dial-plains 
do inthe Poles,except iathe Polar Plain, where they meet with equal Angles.) 
And here note , That the Zenith Poiat of the Place ; always falleth upon the 
Meridian, or 12 a Clock Hour-line of the Dial... . | "To 
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I. Upon Direft Polar. or Equinoftial Plains. "AY 
| $482 15: SI 17 s T7 : 0487] 
To find theſe: two Points upon a North Plain Reclining from the Zualz 
51 deg. 32 min.equal to the Latirade of the Place,the Complement theredf4, 
38 deg. 28 min. and ſuch a Plain is the forementioned Polar Die!Figure Ju 
In the 7rigo» belonging tothis Polar Dial, the Line K D is mad# equal 
the height of the Perpendicular Stile A in rhe Dial AX, WhereforejLaS#q 
be made Radixs, then M C (being Perpendicular to it) isa Tangent Linethe 
to. Wherefore, uponK , as a Center, deſcribe an Arch of a Cicke LDF 
upon which ſet 51 deg. 32 min. the Reclination of the Plain from: D id. 
and ſet 38 deg; 28 min. the Complementof the Plains Reclination from 
V,and through the Points Land V, draw the Lines K L M, and K V T4" 
So, K D being equal to the length of the Perpendicular Stile, D Mihdlthe 
the 7angent , and KM the Secant of the Plain's Reclination : And DT flull 
be the ; oobby and K T the Secant of the Complemrent of the. Plain's Retline. 


tion. 


Theſe Lines being drawn upon your 7rigos , take D Mthe Tangent of 
Plain's Reclination , and ſet it upon the Meridian Line of your Dial 
from A the foot of the Perpendicular Stile, to $,ſo ſhall $ be the Point: 
which the proper Horizontal Line of the Plain Þ SQ muſt be drawn. = 
Alſo, out of your 7rigon take D 'T. the Tangent Complement of the Play 
Reclination , and ſet that diſtance upon the Meridian Line of your Ds 
| from A the foot of the Perpendicular Stike, to ©, fo ſhall © be the Zuni 
the Place, and the Center where all the Azimaths muſt meet. ' Wag 
- Again, Take K M, (the Secant of the Plain's Reclination)) out of your 
gon, and making that Radiws, ſet one foot of - your Compaſſes in A, the Gi 
ter of the Dial, and deſcribe the Semicircle » 5 », which divide into 26 equi 
parts, for one half of the Mariners Compaſs (if you will put in the Acimb 
according to that Account (as here they are) Or into go deg, each Q«adim 
(if you will ) according ro the Aftronomical Account. 'Then lay a Rulerw 
on A, and the ſeveral Diviſions of the Semicircle» $ x, and it will cut the tp 
rizontal Line P $ Q (which isalſo a Tangent Line to the Semicircle w$ 
the Points # *# « *, es 
Laftly, Lay a Ruler to ©, which is the Zenith of the Place, and to every'ol 
theſe Points *# # x , So ſhall Lines drawn by the Side of the Ruler (as the 
Pricked Lines in Figure 1. are) be the Azimuth Lines deſired. Which mult 
be numbered from the Meridien towards their proper Goaſt , as in bigureL 
Upon all other Plains the Rule following is General. '' © 


II. Hpon North and Setth Reclining Plains, 
The Perpendiculer Stile being made the Radine , the Meridian Linvis ao 


gent Line thereunto, and the Pertical or Zenith Point , in which all 
Azimuths muſt meet z muſt always be the 7angent of che Complenent 
the Plain's Reclination, and muſt be {et upon the Meridian Line, from" 
foct of the Perpendicular Stile dowwnards jn Recliners but #pwards of 
bove the foot of the Perpendicular Stile inthe oppoſite Tachimeys _ 
{o, The Horizontal Point in thele Reclining Plains muſt be the 7angew 
of the Plain's Reclination, ſet; from the foot of the Perpendicular Stile 


pon 
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upon the Meridian upward: in Reclining Plains ; oY ak in the 
Incliners, And the Horizontal Point being found, the Horizoxtal Line 


| drawg through the ſame muſh be always P aralblta the Hogr-ling of Six, 


The #erticsl and Horicontal, of chore AD wap 3 Fmmipurgle, 
and divide it cither into Points of ho he efron 

cal Account into Drw-and Dine ing de upon the 
Horizontal. (which 1s'ngw-a: Taoent/y4 by ; it you -xaty Feat. ole Poingy 
Lines to the Zexich Paint Fall (ets 


SE G T. VI. . Uppn Eaſt 1 ws I 


Ce es ln ths 
WRIGHT iny are not 
both one Lane, fans ve they were) 4 n ſeveral Liogs ; 
You we 0 in 3 ya vo ning (9 degea 6 Fig T6 
XII) Fuſt), Find the #erticel or LZevub Point, where the Ax:mp#ths are to 
_—__ : an] Seconds , the Horizent4d Point , through which BY Horizonjal 
mu 
Firſt, oonaha foot of the Perpendicular Stile, 33 3t A, let fall i Petpends 
cular to the Meridian of the Place or Hour-line of XIL {which 4k 
and Weſt Recliners is Parallel cathe Horizon, as in h and Sourh Uprigh 
Plains it is Perpendicular thereungo] Let this es A. Line be 
ſo V ſhall be the Ferrics/ or Zenith Poins, where, all the Lzimwbs muſt meet, 
and Q ſhall be the Poize through which the Herizants! Lize muſt be drawn, 
parallel to the Hour-line of 12,83the Line D O E, and (if there be no former 


Errour in your Work) this Horizontal Line will alſo paſs through the Interſe- 
Qtion of the Zquinodial £ine with the Howr-line of Six. Thele Points you 
ſce are cafily tound in theſe Plains, by drawing of ane Line only ,. name! 
VAO; But more artificially thus. "The Line V A O being drawn at full 
length, Upon the Point A EreQ a Perpendicular AH, making A H_ equal to 
A Bthe length of the Perpendicular Stile. Then = bo H Radius, V A O 


ſhall be a Tangent Line thereto :. Upon Hdeſcribe the Arch of a Circle L AK, 
_ upon it, ſet off 4o deg. the Plain's Reclination from A to * and 50 

the Complemens "roms. from A. to I: apd draw the Ls H od-H, 
: they cut the Perpendicular Lie V AO, which they wil Fe Ao © YH 
V and O, and fo is A Othe Tangent of the © Plaid Reclination 4o deg. and 
A V the Ta nt Complement of xhe Reclination 50 deg. and by this means 
alfoyou have found the ror and Horizontal Points O and. V7! | * 

Thisdone, take H O(which js the Secant of the Plain's Reclnatioo 40 deg,) 
and with that diſtance, upon A, the foot of the Perpendicular Sls, deſcribe a 
Semicircle P Q S, which divide (cach quarter thereof } into op mangengs, 
beginningat Q : where the Vertical Lins 'V A extended) cury the! Semnagari 
cle:. A Ruler laid from Q, to each of — ,wiehohs Botany 
D OE exened here geod require in thePoins 48.5, oc. 

Laſtly, A Rulerlaidto'V, th cnc Pubet and 67 theſe dlarks # * * 
in the Horizontal Line, if you draw Streight Lanes they” vary 
Azimuths Required. 29 bas: 

a . WP W. 5 {13 - 
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SECT. VII. 'Hpon North or Sokth Declining Reclining Plan, 


He inſerting of this kind of Furnittre' idto Declining Reclining 
differeth little from the inſertin &r {ame Furniture into Eaſt'or 
Recliners ;- For having, drawn your Dial,” proportioned. Stile' to yo! 
Plain, defcribed the iv Tropicks and Ec aa. ag alſo the Horizodealian 
proper to the Plain : You may proceed-to the Inſctiprion of the Azimithity! 
Vertical Circles, in manner following. | 
Firſt, From the foot.of the Perpendicular Stile at K let falla Perpendicular 
to the Horizontal Line of: the Plain, as VR H,' upon K raiſe a Perpendicalar 
K N, making K N equal to F K the perpendicular Stile z which Line KN 
a Radiue,and upon ?, N as a Center,defcribe an Arch of a Curcle,and upon 
35 deg, the Complement of the Plain's' Redlination from K to 6, and draw 
Line NZY, * Allo ſet 55Heg; the Reclination from K'to's,'and draw'the tine! 
NH : So ſhall KH be the Tangent ,'K V the Tangent! Complenietit of the 
Plain's Reclination, and conſequently H N,' the Secant of the Reclinationl i!) 
Secondly, Make H O equal ro H N, and upon O as a Center deſcribe: the $e1 
micircle P H D, ſo is the Horizontal Line a Tangent Line thereto. '}1in 4g 
Thirdly', Obſerve, where the Hour-line of 12 cuts the Horizontal Lije, 
which is at S: A Ruler laid from O to S will cut the Semicircle ini Q;at which 
Point begin to divide the Semicircle into (either) 16 equal parts for the Points: 
of the Compaſs, or (as I have here done) into 1x8 'equal parts , at the Poiod.. 
© © ©, &c.cach containing to deg, as Aſtronomers Account. | ! »/! ally 6 
Fourthly, The Semicircle being thus divided, lay a Ruler to O, and-every'f 
the Diviſions © © ©, &c.'and where the Ruler croſſeth the Horizonral Tax; 
make Marks or * * X. | | (11 104 
Laſtly, If from the Point V, right Lines be drawn through theſe Marks or 
* # X, they ſhall be the Azimuths proper for the Declining Reclining Plai/ 


q + 
' 


8 1, y VII, | / 
Of the Almicanters , 6 Circles of Altirude , and how to in{cribe- them 


- upon all forts of Plains, 


N the Sphere, the Amicancers or Circles of Altitade, have the 
tude or relation to the Azimuth or Vertical Circles, 
clination have to the-HMeridians or Hour-circles : 


(3 bna 4 


13A 


Jines caix om 
fanano 
back again to your Plain as you did the other: 
es (1n the other) muſt be firſt drawn upon the 

P 


7 


Of SUNDIA LS, 
Plai 6 i chi) mt he Aloe be rf in the. 
Chapeer hereof was ſhewed how to do: And becauſe tele flea 5.4 | 
{malle r Circles of the Sph phete , aig es: vio dvier 
were, the as Ar fug. £4 ks AR ao rn SelFions : Now the mans 
how to1 inſcribe ee pon 0 Tg Ps pal red UE ajeer. 


SECT. I. Upon Vertical, oy Horizontal Pliind 


Heſe Plains xp] woarey. to the Horizon, and have the Zeoiih Point for 

[ their Pole, ſo that the foot bf the Perpendicular Stile miaſt be the Cen- 
ter upon which (in theſe Plains) the Almicanters muſt be deſcribed. 

For the Numeration of theſe Circles, there are Two ways which are moft 
in uſe. The one is pur Degrees and Minutes of Altitude ;' the other 
according by the Proporti the height of any a Rb bears tothe 
Shadow of it. 


I. $ Path ond tes if Atitude, 


The Rn drawn, with the EquinoQial and the two Tropicks 

(to limit the reſt of the Work) _ _ Perpendicular Stile of the 5 k 
Radizs, and upon the top thereof (as mer} Gofepie elcribe a Semicircle (or Qua- 
drant) then wall the Meridian or Pf a. _—_ Hour-line be a Tangent Line 
thereuato. - Divide this Quadrant into go equal parts or degrees, (or - 
to each. 5 or 10 deg. which may be ſuthciear) and from the top of the 
draw Lines through thoſe Diviſions, till they cut the Meridnin wy the 

And through thoſe Diviſtons up the Meridian Line, Circles deſcribed upon 

the foot of rhe Perpendicular Stile, {hall be the cles of the Sun's Alctrade 
when the Sun is ſo many pews high as you divided your Quadrartt into 
parts, whither every gh, Li 9, any POET DUNNE of Degrees of Altitude. 


II. By the Proportion the Upright Objtts bs to the Length of. their 
| rant) 6 


If you make the length {Hog Perpendicular Stile Kediue, as you muſt (al 


ways) do, let it be Fwy to (pr ra ——_ al parts : Then,if you 
take the while length rhex ſer it Som ibs bocof 
he Perpy Perpendicular Stile the Meridian, Lins, Line, andthrough that point de- 
ibe aCircle, En Shadow of th&>$tyg*'or theperperidi- 
aur (ut ariy xime) thatrovcherti thav Circle the Shadows. of, all 
vir 'be equal to their Altitudes orvHbights Likewiſe 
Pe SL CHE eos een cheder 
(s) Strile, a Ci iat, 
of .the t ITY to toych that Circle, then are the Shadows of 
all Upri their 'he — Likewiſe if Once, Twice; 
arp half, Fog | of the'pe adiouler Side bs for apon the Me- 
ridian-Line from the foot-of the Sells + and Circle, deſcribed through thoſe 
points , the Shadow of the 4 pex coming to touch any of them, the length of 
Shadow ſhall beequall to Hr" ay Once , Twice, Thrice and an half che 
of the ObjeQt; Theſe Circles may have wrinea upon them 16, 20, 30, 
m jt 
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degrees of A nal, Dupla, Triple, oe. An/Exami 
Horizon ET theſe es: deſcribed upon it you have'i m 
Traftate age 226,” 

But if you wy | put in more minute parts. of the Proportion of os 
to their Shadows, you muſt firſt enquire what Altttude the Sun muſt hayeey 
make the Shadow be in fuch proportion to the Objet, as ſhall be no 
and to find that, this is the Analogie, or Proportion: For, . 


As the parts of the Shadow, 
' Are to the parts of the Gnomon ; or perpendicular Stile ; ] | 
So is the Toe of 45 deg. or Radius, 
To the Tangent that the Sun's Altitude muſt be , to make the = 
long, as ſhall be required. 


" Example, Suppoſe 7 would know how high the Sun muſt be, to make ch as 
to be two times and an half the length of the Gnomon : 

The Gnomon or perpendicular Stile, we will ſuppoſe to be dividedinto too 
equal parts, and meafuring the Shadow thereby, you find that to be 350 parts 
that is 3 times and an half, the length thereof , Say, 


As 350, the parts of the Shadow, | 2. $gho) 
lis 

Are to 100, the Lengthof the Gnomon; ' | . a 

Sois the Tarigent of 45 deg; or Radix, & 4 7 10, 00006 
SS erty 

t To the Tangent of 15 deg. 57 min. << con 


And ſuch Altitude muſt the Sun 20 to >'Hrike the length of the £48 
be Three times and an half the length of the Objes height. 1 5 


And atcording to this Proportion may you find an w orher Propondibd 
t 


Pm, the _ uſual Thave hrs {et wt with their itudes wm Ons 
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$E c T. IL. Hoon Upright oY ter Dire Decking” 


Pon all theſe Plains, baving firſt ;Gaibod the Troplaht Feotaalial and 
Horizontal Line , together with the Azimuth, pr _ to the Upright 


Phain , whether it be Dire? or Declining, Hpon the foot of the perpen- 
dicular Stile, ereCt a Perpendicular to the Horizopral1 Line of the Plain: equal 
in _ h to the perpendicular Stile of the Dial, —— As for Zxemple... ..:. 

e Upright Declining Plain, I XI. Upon the for of the per 
Sicular Stile at A, Eret the Per A © equalto A B, and ns 
hr to C D, the Horizontal Line bo che the Plain, ——— Then prepare a 7rigon, 
(as under the ſame Figure XT.)in this manner. 

Firſt, Draw a right Line E F, and ypon K 232 Center, deſcribe an obſcure 
Archof a Circle GF H, on both ſides of the Line EF, becauſe it is a Declin- 
ing Plain, and An Azimuths on each ſide of the fopt of the Perpendicular up- 
on the Horizantal Line are not 4 em iotoſfom, (whereas,.Iif it hadbeeg 
a Dire Plain, one bal of the 7rigon would have ſerved the-turn) into theſe 
two Arches F G, and FH, from the point, by. helpof che Scale of Chords, a 
fert ſuch Arches, as ny intend to put Circles of Mtitude upon, your Plain, I 
have made choice of theſe; wiz. 10, 20, 30, 40, 56 and 60, which I put into 
the 7rigon from F, on both ſides thereof towards H and G, at the Points 46 c 4 
eand {and ſodraw the Lines Ex, E 6, E<, E &, E:x:a0d E / on both ſides, ſet- 

ting the Numbers proper to, them towards cho<nds of them ang thele Lines 
Iſhall for the futurecall the Zaves of Altitude, 

Secondly, Take the length of: the perpendicular Stile!A B' F7 which A O is 
equal) out of your Dial, and fer it upon your Zrigon from E &0 Myand through 
the point M draw the Line M L, perpendicular to E F. So wy the Line a F 6 
your: 7rigon, repreſent the Horizontal Line of, your Dial, and 
far Line LM that Azimuth or Pertical Circle which paſl ſeth th rol the f rhe foot 
of the groves Stile in your Dhl. 

Thirdly, Out of = Dial-plain, from the point 0, Ma top of the pe 
dculit Sole, 4dkb edifdnde3td the ſeyerdl points 20, 306 404i50; @ 4 mt 
(that is, whereithoſe 441th or Vertical Circles; crofs.the Horizontal, Line of 
your Plain CD} 0B-ths-WeſtGde of the/Digl,' and fer them upan the! Line 
-ewehee Trigan yt) the-paihts: 2:34 5: 68647600 tha Walk ſide:of the 

Tiga, and thoſe pointy, draw right Lines fallofithern) perpendicular 

eHorizontal Line of your!ZriponE F, ferting the Numbers 40 the ends of 
—_ as they arenumbered irthe Dial-plaini; avx«i20, 39,49, $06 and.7o. 
So ſhall theſe Lines 20. 24! 30.3 1x. be the Azioutli Line upon your Zri- 
gos, — — In the-ſame matndydealwinh. the Eaſt Side of the Di. by raking 
wg prog nog nf hnyrepy pe we the Azinwths with the Horizon 
, h. i,k, land m, anddtawing the Azimuth 

« on your Zrigan; perpendicularito the Line 

Names PENWIrns Cid the gta them.. 


7q .\ s x C 
== xeivin p prepazed', +he-next Wotk twill be to-transfer the 
from he Jrger tothe Plain which todo, 1 7 + 


Founkly, Sy ppoſe, 1 would transfer, the Paralicl of the.Ses's AMitirade far 
30 deg tea. freenthe?? » tothe Plain: —Firt; onthe Weſt Side : The.Pa- 
rail of 30 deg} of itude is repreſented by the Line Ec 30, (a.) Obſerve 


where 


Of the FURNITURE 
| of Altitude croſfſeth the Azimuth of 70, and from thae . 
—— ) NS Tm the Line EF, which diſtance (3.) ſet upon. 


f 70 upon your Plain frotn 70 to » ſo ſhall »be the 
= _ ES 0 na. Plain, through which the Parallel of 3o i 


of Altitude muſt paſs: In like manner, 


bo \ 60 
From the Point where | 5o | Take the Hiſtance to the Horizomal | 50 
the Line of 3o deg. of 5 40 Line of —_ Trigon E Þ, and} 40 4; 
Altitude, croſſeth the} 30 | ſet that diſtance wpon your Dial- 30 
Azimuth Line of 20 plain apon the Azimuth Line of | 20 - 
CSubſt. ) J Subſt. 


Alſo, on the Eaſt Side of the 7rigon, and the Eaſt Side of the Dia/ : 


'TO' 


"_ 
From the Point where thel Sou 7, ake the diſtance to the Hors _ 


les- zontal Line of your Trigon 
= EF of Alta 10 > EF, and ſet that diftan 
math Line of wpon your Dial-plain, upon 


o 3 the Azimuth Line of 


46 | 

Then a Line drawn with ati even hand , through the points » o qritues 
xy£& 4, {o that it make no Angles , that Line, fo drawn, be the Ps: 
rallel of the Sun's Altitude of Jo deg. your Plain: And rhe like 
courſe is to be taken for all the reft, of the Parallels of Altitude, _— 
Scheme, Figure XI. will better inform you than many words. 


SE CT, L111. Upon Eaſt ard Weſt Recliners, as alſo upon North 
and South Declining Reclining Plains. 


N theſe Plains, the Meridian of the Plain (or Subſtile) and the Meridian ef 
the Place (or Hour-line of 12) are two different Lines ; Therefore (as in 
the 5 rudur—n-mep 2 took the Subitile or Mendi- 
anof the Plain,' for 12 a Clock , and Horizontal Hour-tines on eithef 
ſide thereof, to facilitate the Work, (as in Chap. /T. Sett. 1. #5 CES 
Io Ae penn 
is to in '('w a ual.to:the 
Declination)and equal on RS AGIIY (from the ar oo. | 
lar Stile) ſet off f -4 way intend (whether points of the Compaſs 
or 10, 20,30. preg muſt gee that _yP may _ 
oO 
our prepared (which is - Jomke ; Plain: Dec 
and Reclining 45 deg. Siekaho Horizon, Tropicks, Equinatials, ning $0. 
Az.imuths, as 1n Figure X 111. prepare a Trigos in this manner. 


Firſt, Draw a ri Tie Lino A'B; and 1A fas io arg dry omar 
or Quadrant, of a "Cirdke, as C D, _—_ ſuch Altitude as 
you have a mind to inſcribe v rt tax your Plain (I have rho vw made choice of 10, 
_ » 50, and 66 deg. o ,and therefore from;AthroughaHicſe 
w-the Lines A 10. A.20. A 30. A'\4o.:A 50 and A60; —— —/Fhen 
or re ren Trigon, equal to V N, in yout Dial, which is the __ 


Of SUN:DIAL $: 


of 35 deg. the Complement of the Plain's Reclination , and draw the Line 
A F perpendicular to AB V4 woebt 

Secondly , Out of your Dial-plain Figure X111, take V H the Axis &f ihe 
Horizon, and put it into yout 77ig0», from F to B, and draw the Line F B, and 
that ſhall be the Axi of, the Horizon, | 

Thirdly, Out of your Dial-plain, from the Point V) take the diſtances to 
the ſeveral InterſeQions that the obſcure Azimuth Limes make with the Hori- 
ontal Line , at the Points 1o, 20, 30,40, 5oand 60 from H the Azimuth of 
the Plain , and ſet thoſe diſtances into your 7rigon, from F ; upon the Line 
A B, drawing the Lines FB, F 10, F 20, F 30, F 40, F 50 and F 68. — And 
now your 7rigon being prepared , yu may eaſily inlert the Circles of Alti- 
cude into your Reclining Declining Pl:is, as followeth. 

Fourthly, To inſtance in the his of of 20 deg. of Aſtitude, from the Itt- 
terſeQion of the Line of 20 deg, of Altitude in the 77ig0» with the Line 
A B take the diſtance to F , which diſtance ſet upon your Dis/-p/aiy from V, 
upon the Line V H of your Pl», and ir ſhall reach from oVtos, ſoſhallz 
be one Point upon the Yertical Zize V H; through which the Paratlel of 20 
deg. of Mtitude (Hall paſs —— Alfo; 


. 


Take with you Compaſſes Hl 2h £19b) L.cnath on (* 
0” hy KA 
. fromk. jt - _ Care oe P both ſider of ; 


| | O 
the Interſeftion of thes Þ go > Aifence from} 7 he Line 
20% Parallel of Alti- the Point V, 50 
tude, with the Line ha the 60 

| 70 

- Through which Points, if you draw a Line with an even hand , fo that it 

may make no Angles, the Line h gfe dc ba bed ef, ſodrawn, ſhall be the 

Parallel of 20 deg. of Mtitzde upon the Plain: And in this manner may all 

oa Parallels of Altitade be inſcribed into the Plain, As in Figure XILL 

An 
Of theſe Circles of Altitude inſcribed upon a Heft Reclining Plain, where 

the Azimuths are put in according to the Points of the Compeſ, and the 
Circles or Parallels of Altitude according to the Proportions of Shatlows 
to their heights you have in Figure XII. 


_— OO _—_— 


. 
a. 


DD —C_— 


CHAP. VI1I. : 
Of the Dankying. Cixcles ,- commonly called the Circles of Poficion, 


and bow to inſcribe them upen all ſorts of Plains. *. 


Heſe are Great Circles of the. Sphere, and therefore (by the I. At- 
feQtion) they willbe treight Lines ; Their ſiruation in the Sphere, is 
at the common initerſeQtion of the' Meridian with the Horizon, and 

are reckoned, according to the Ration wiy of Regidmontants (as the Aftyoto: 
gers term it) from the Meridian do ds to the Horizon, at 30 and 60 deg; 
which with the Meridien and Horizon ate the Caſfis of the Six Celeſtial Hoe 
above the Horizon , ſo that theſe Cirdes being inferibed upon any Dial-plato, 
it may be known in which of the Twelye Houſes the Sun at any time is, and 
mn yon park, how near or far off of the Coſi. They are Grear Circkes (as 
1 faid be 00/308 OY On if O'S Very Oy x | 
n 'T: i: 


138 


Figure 
II. 


Of the FU RNITUR E 


SE CT. I. Upon the Horizontal, diref} Eaſt and Weſt, ind Eaſt and 
Weft Reclming Plains, | WG wht 


' Bring all theſe ſorts of Plains under one Head for this Reaſon, becauſe in 
all theſe Plains they are Parallels, as the Hour-lines are in Eaft, Weſt and 
olar Plains. | 

" 1. In Horizontal Plains They are thus eaſily inſcribed : Por, if through the 
common interſe&ions of the Hour-lines of VIII and X with the EquinoCtial, 
you draw Lines parallel to the Meridian or Hour-Line of XII, thoſe Lines fo 
drawn ſhall be the Cub of the XIT and XI Houſes, —- The Meridian is 
the Cuþis of the X Houſe. — And the two *other Lines drawn parallel to 
the Meridian through the interſeQtions of the Hour-lines of Iland 1V with the 
Equinodtial ſhall be the Cypis of the IX and VIII Houſes And laftly , the 
Eaſt and Weſt parts of the Horizoatal Line are the Cuſþis of the Firſt and Se- 

venth Houſe. | ns Tak 

An Example of an Horizontal Dial with theſe Circles inſcribed upon it, 

you have in the Tenth TraQate hereof, Page 220. 

2. In Eaſt and Weſt Plains, the Circles of Poſition will be Parallels to the 
Horizon, as in the Horizontal they. were tothe Meridian ; And the manner 
how to inſcribe them into theſe Plains, is thus, Upon the Quadrant QE L 
Figure Il. ſet 38 deg. 28 rain. the Complement of the Latitude from E towards 
L, and laying a Ruler from Q to that point, it will cur the Horizontal Line of 
the Plainin », ſo is Q 2 the Secant Complement of the Latitude, which muſt 
now be made a Radires , and ſo placed from the point E (the foot of the Per- 
pendicular Stile) upon the Line E G extended, wiz. to Q, that-it may be per- 
pendicular to the EquinoCtial, ſo ſhall the Eten! be a Tangent Line 
thereto, and the Tangeat of 3o deg, {hall give pants and the 7 nt of 
60 deg. the point p upon the Equinothal,, through which points o _- two 
Lines being drawn parallel to the Horizon, they {hall be the Cuſpis of the-XIf 
and XI Houſes : As in Figure II. OE 

3. Upon Eaſt or Welt Recliners: In theſe Plains, the icular Stile 
being made Radivs, find the Secant Complement of the Stiles height , and 
make that a New Radius ; So ſhall. the Tappents of 3o and 60 ſer 
upon the EquinoQial Circle give poihts, through which to draw the Cuſp;s of 
the Houſes , which muſt tothe Meridian or Horizontal Line of the 


Plain. 


SE CT. 1, Upon North and South Plains, both Dire& and Declining, 
' Uponall Direft North or South Reclining, and upon al North and $ourh 
Decliming Reclming Plams, © NT Os 


Ne - general Rule will ſerve for the: inſcription of theſe Circles jats 
thele ſeveral ſorts of Plains , for here they meet in a Center , which 
Center is the Common IntexſeCtion of the Meriditi and Horizonral Line u 
on the. Dial, and the diſtance of the Cuſpis being 35 ant'bo deg. upon the 
quinoCtial, - which are equal to the EquinoRtial hour diftances of 8 and 10, 
and. of 2, and 4a Clock from the Meridian., thetefore you havepomoreto 
do , but todraw right. Linesfrom tt fone SQ of rhe Meridian 
with the Horizoo, through the Interſ of the'Hotr- Lines of 2, 4,'$and 
10 aClock with the EquinoQtial, and thoſe Lines ſo drawo ſhall be the Dows- 
ſing Circles _—_— Examples whereof you have In feveral Figures be- 
longing to this TraQtate. a As 


10}, SUNDIAJES. | 
pe in an EquinoCtial Dial Figure IV , where the Pricked Lines ſhew the 


| Roe the ok of the X1l,- 49d-Xl Houſ the darkyans is 
the, —_— F; hs. fles of the Rp AeT the X 
Aſo inT Sorth Plain ure V. reprefliated by the Paicked Lines 


' in that Figure. 
Likewiſe, T a Declining Reclinin a xe " bn And 


Lal, loa —— tas þ Hggre.X 


- 116 Cas A Þ. EY X 
o the Meridians of etber Conners; and how to inſert TR ito any 
Wuſt- Dual, : 


made far any other CURE x if figſt you hnow the difference 
gitude- between the xwaC , in Time z,4nd alſo , whethqr the Re- 
mate Couptry lie Zaſtward or Yr d from the ome Country : 

F the Remote Country lie Eafwerfp the Homg Country , it is RE or 
Noontide ter, Weſtward \ognerua the Repyote Copaery than in the Home Conn- 
tr7,and thg contrary. 

As for Exaupty ,  Suppale har ina Sug -dial herq at Zondon , ] | would inſert 
the, Meridzan or Noontide Conſtentinople , by.the Tables of the lateſt apd 
beſt Geographers, the Meridian gf Confeqeino nople hes Faſtward of the Merigi- 
an of Zonden, 30 deg,4s MA, which convyertedipto Time ( by alloy \s 
deg. to one hour, and 1 LERTRIOD time) 15 2 hours and 15 way 
is 2 hourgand a quarter, Wherefore, if you ſudſtraCt 2 hourg,15mig- 
12 hours (becauſe Conſtant izapleiltgy Zeftward of Condon) the — will 
be 9 hours 45 min. or 3-quarters.of an haur. Wherefore, if (upo ant 
here at Zavudon,)'ypanthe Hourlipe bf 9 and 3 quarters, you GR ji IG 


F- is cakq to inſert tha Meriding 4 ny other Country i ini, a Saadik 


{or make ſome mark for) Conitantinople, the Shagqw of the Stile gf 
when it ſhall fall upon that /Yord or Mit, you may conclude itto 
dian or Noowtide at ConfSantineplo———agd at what time with 14s us 
will be Noon to #hem, it is eafily known what hour it 1s there at any time here. 


F443 
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i [eg] 1 
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2 [gue] 4 is] Ard tar the tike may be done 
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A Table of Longitudes, or Difference of Meridians in 'Time , > FE 


veral Eminent Places in the World from London. 


— 4 * « a | 5 
| Places lying Eaſt of | iff Places lying Weſt of | iſercke 


Copenhagen 
| $/ockbols 


Feruſalem 


London. ; ; London. H. M:| 


—_ G— m— —— 


Paris in France 


Amſterdam 1 in Holland 


Edenborough in Scotland 
Madrid 
$. Helena Inf. 


Cape of Good Hope 
Rome in Ztaly 
Penite 

Dantzick 

Cracovis 

C onſtantinople | 
Caro 


——— 


Boſton in New England 
New Z7ork 

Port Aojal 

Fame's Town 

Carleton Inf. 

Charle's 7 own 

* Mexico 

New Mexico, | 

P. Sir Francis Drake 


in Spain 
Mu[cow 
Bagdat 
Iſpahan 
Surr at 
Fort St, George 


© OcmnuuapddpdwywwynwuwwOo6O000O 


AA 
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1 


nomical and Ge ograp 


It may be now expetted I ſhould here further ſhew how ſome other {fro 
bical Concluſions might be inſerted into Sun-dials, As the 


Signs An , Deſcending and Culminating ; The Horizons of other Coun- 
tries, &c. But I do here di wn y omit 6 bh for that in the Ninth Traftate 


hereof, the manner how 


ſuch Farxiture (not into Regular Plains ons 
)bur into Irregular alſo, as into Concave, Convex or mixt of both. And fo 
conclude this 7 R ACT ATE. 


The End of the Forth TRACT ATE. 


HOW 


of SUNDIALS, © 


HOW THE 


FURNITURE 
SUNDIALS)> 


May be Inſcribed upon all Sorts of Pr ains, by 


the ScaLEs of 


NATURAL 


TANGENTS and SECANTS. 


NY I : > FI Dl _—_——— -. 


The Fifh TRACTATE. 


7 WY o ”W . A. FP Y as —_— 


_— 


—_ 


Y the Scales of Chords , and 'Naturd 7angents and Secants , the 
Ruler mentioned in the Firſt TraQate, Page 15. Figure /7. All 
FURNITURE maybe inſcribed upon all ſorts of Plains , 
bur as they are there Graduated upon'a Streight Ruler, they are 
only ſerviceable. to. that Rediws 'to which the Scales are made. 
p But being (os nh rg way 16 x ol pure Log 
upon a SeFor , with an opering will ycadle to ay propo- 
a wy nt pi clogs 1 Al he Wark io this Trafkar is 
And further noce,; That if a Line of Equal Parts ( which'Mr' Gexter, de- 
a = calls the Zize of Zines) be alſo put upon ſuch a Joynt Ruler ic will, 
the help 


of the 7ablerof Nature Tangents and Secants (bricf ones where- 
of follow 1n the next 7r«#ate) ſupply the ule of the forementioned Scales, 
and in many Caſes much better , ally whed the 7axgenrs or Secants of 
many degrees (as above 76, &c.) are required to be laid ny Line. 
F chought good to give iricimatioa hereof 1n thisplace, becauſe of thie frequent 
uſe that will be. made of cheſs Zines or Scales for many purpoſes hereafter 
1pnified, its | | | 
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0f the FURNTTU RE 
\C:m ar. oh: 
; Þ- Oft; Pager tiongng of he Yrile.vp the Plain, +04 ] 
24 . 


OraſmuCfi as bY thi Eighth Afettion) Chapter f. of the refoin 

Qare, it is not the whole Sie or Axis of the Dial that gives the Shadow 

to theſe Parallels, Azimuths, &c. 'But ſome one Poirt therein aſſigned . 
good conſiderytion thereforg ought to be taken , that that m be ſo choſen, 
that it may tinue taſtin its ShAdow yport the Dial-platy , is long as Conve- 
niently may be, ar'4 not'taken at ſo largea diſtance fromthe Cemter of the 
Dial , as to caſt its Shadgw off of the Plaz, fo that the Zines drawn the 
will be of nb uſe , the Hex which ſhould-pointto them ,-being reniote fee 
them , and caſting its Shadow upon ſome other Object beſides the Plain 
On the contrary, This Poir? 6ught not'to be choſen ſo near the Center of the 
Dial ; fo that the Lines or Set#:0ns drawn upon the Dial ſhall run ſo near (or 
be crowded) together , that atany competent arſtance of place they cannot be 
diſcovered. Therefore, that this Point may be judiciouſly choſen, obſerve theſe 
following Diredfjogs, | MW RE - Ws & 

1. If your Plain be ſmall, conſider whether it be Dire, or Declining, and 
if Declining, whether much or little from the South or North Points. 

2. If the Plain be Direit, the Subftile may beſt be placed in the »7ddle if 
the Plain, But if it do decline , then let the Sub/#ile be ſet,on that Side or 
part which is wb. & to the __ y Its aye -— = 

/ . 
if the Plain decline FR, is + 5 Side of the Aferidies. 

3. The Sub/tile well placed , and room left about the Edges of the Dial. 
plain for the Fipnres belonging to the Hour-limes to ſtand, divide theFermih.. 
ing part of the Plain (from the Center to the lower Mar3nt) into t it : 
fo, as thar part tiext the Cexter of the Diu/; may be-the Tangent c 
plement of the height of the Srile above rhe Plain, (or of the new 
as by Affection YZ. Ohap.'T. of the FoarthiTrattave beforegaing.) Ahd.chik 
ther part , the'73pent Complement of the Swi deridien Altmude, in the be- 
ginning of that- Zropick which is remotef flotti the Center! of 'the' Dix), 42. 
Now the Radivs '(or Tangent of 45 deg.) whitttis profier'to' theſe Tentents; 
ſhall be the lepgrh of the Perpendicular Stile, and is'to beipheed in the Pot 


of Diviſion in the 3nbſtile, and miſt ſtand” Perpbudice/at thereunto. 
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of te infribng of the Parallels of nina Ocoeb UN 4 , AY 


of each Sign of the Zodiack'; 'or of the Parallels of the Sun's Cult 
when the Day either juſt 8,9, 10, 11, 12,13, 14, 15 or 1 
hours long. 


and: ſo the Sun paſſing aboat one of theſe degrees in a Day, the 
* diſtance between the beginning of the S's entrance into one Si2n, 
and his continuance therein to his entrance into the next, 1s about 3o days. 


\ Sign is the Twelfth part of the Zodiack , and ſo contains juſt 3o deg. 


5 (USED ALS 


Y his Geeing 


ws long. 


Sy muſt be had to 
the Sun's wg in the Zotback and what Altitghe he ſhall have art all hours, 
when he enters into ſuch a Sign of the Zodiack, or when his Dare! res 
ſhall O_ 859,40,21, Oe a ma = } Hi 


111 HOPSTY | 3 
Naw if you would. inſcribe _ Pargldel; of che-Sum's: FAN 8 entratice 
into each of the'22 Signs, you miult firſt prepare:a Table of' the Sur*s H- 
Zitwde at all hours of the Dey,Gandiof halves abd:quarters alfa if you wall) 
And ſuch 2 7ab/e Lhave' here jpſcrted, the making wherebf; with ſeveral 
other of the like nature ſhall be Rows) ith yg Thafatel\ © | 


AM 


A 4 Table ſhewmng what Altiuds the San, foals have 'dt by Eitrenh 
into any of the 1 2 Signs, at all Hours of the Day, Irthe' Meridi: 
| an Latitude of London, 51 bh 3 ©, nin. 


F4 = PEI 


"Il 
<— —— 


| Tas Virgo | Libra, Scorpio | ' Sapittar, | 

Hours | Cancer | SGT, A or or Capric, 
Gemini | Taurus | Aries Piſces | Aquarius 
d. ms, d. m. d. ; m.- d. m.1 d. m. d. m, d. m. 


12 |62 0|58 42|50 .,0|38; 30|27+,.1|18 18] 15 s) 


| —  {( — 


1 159 43]56, 34} 48 .#2{36 58{25;40|17 6113 52 
io 2153 45| 59. 55|43'. 12þ32 - 37 | a1 51133  38]10 30 
9 3145 43143, 5[35.,,9426.4, p/g..58| 8 121 5 15 
8 4135 41] 34'.13|27 31418 8]. 33} 4 1.35} 

7 $5127, I7|24 $618 18]:9.147:.6: 16 | 

6 18 11] 15, 40] 9,0 |,0- 07 (1c. + 

s 7| 9 32] 6 50 4 ofI3hto £9 | | | 
$83.3 30 ] » By 04te F.Itih 2; 


mt 
This 7able being thus Collected, you are to not "har inal dive(t Hor izonrels, 
the Perpendicular Stile being made Radins (or che 71 awgent of 45 deg.) the 
Tangent Complement of the San's height, (ri any Sign of the Zodiack, or inany 
Parallel of the Days length) ax any a the bd "cbelag he off i from the foot 
of the Perpendicular Stile ; edive Hawkes, , Will give ia Poinr, 
upon that Howr-line, throogh LES Hex, Parallel (ahether of rh > Gekr of tho 
Days length) ſhall paſs. | And this Work-muft be repeated ofttads art the 
number of Parallels to be inſerted , and the Howr-lines do require 3 and thus 
doing, —___ ſhall have Poines enough i in edch bur to draw iny Parallel by. 

us for ZX AMP L £1 Ietit be requited v0'fiad Pormts _ 
peQiive 


Of the FURNITURE 


ſpeftive How ines , through which the Parafc! of the Sun's Courſe , athiben. 
trance into either of theſe Signs, Scorpio or Piſces ſhall paſs. ' Repairto 
the former 7able, where you ſhall find, that the Sw# being in the beginning 
of either of thoſe Signs, Scorpio or Piſces, | rd 

= _— 
| 12 ? | 14 o1l { 643 539 


11 40 20 

OY 10 {Of the Clock 51 mc le-3}68''' 9g 

His Altitude of tobe 580 ment , 2 
8 33| . 

<5 7) Lo 6) | 54 


Then having a Se&or, take in your Compaſſes the length of the Perpende. 
cular Stile of your Dial, and to that diſtance open the Sefor in 45 deg. of the 
Yangents, and the SeiFor fo reſting , take 62 deg. 5 9 min. therefrom'{which is 
the 7angent Complement of 27 deg. 1 min. the Sun's TT ooo 
and ſet thatdiſtance from the foot of the PerpendiceW 
12, and that ſhall be the Point there, through wiki 
and Piſces ſhall paſs. Alſo take from the Se:#t 
20 min. (the Complement of 25 deg. 40 min. the i 
and ſet that diſtance from the foot of the Perpe 
lines of 11 and 1 a Clock, and thoſe ſhall be che Ml 
Paralel isto pals. 7 re 


81 
89 


of 


68 
Take likewiſe the Tg 


So they ſhall give Poirrs upon each reſpeftive 
the Parallel of Scorpio and Piſces muſt p* : And" 
hand through thoſe Points ſhall be the Parelel/of the®. | 
as he enters Scorpio or Piſces : and the _ or 7op of the Perpendicular Sim 
ſhall, at that time of the year, by his Shadow exaQtly traverſe this Zzxe or Se 
fion. And in the ſame manner, as the Poirts for this Para/c/ were found, 
and its Zinedrawn, ſo muſt all the reft be drawn alfo. © * lt 

Now generally , in /”ertical Dies Declining , as alſo in ſuch as Recl:ne ally, 
that is to ſay , upon all Plains whatſoever , (as is intimated in the Sixth Afe- 
tion aforegoing) draw an Horizontal Dial r for the Plain, and infcribe 
the Sizs or the Parallels of the Length of the bs upon it, according as is be- 
fore di , by ſetting off the 7axgen: Complements of the Sun's Altituat 
from the foot of the Perpendicular Stile , upon the Howr-lines (the Perpendice- 
lar Stile being always made Radias) and at the ends of theſe 7 zngenrs (0 (et 
off upon every reſpe&tive Hoxr-line, will bea Point , by which Poimts, Lins 
draws with an even hand ſhall be the Parelels defired. This Horizontal Dia 
being drawn in obſcure or occelt Lines , when the Workis done may be e% 
ponged, amd the true Hour-lines belonging tothe: Plain as alſorthe Parallels of 
the Suw's Coarſe before found, may only remain, for they will be the ſame, as 
if they had becn draw from the proper Hoar-lines belopging to the Plain. 


Wore, In the following TraQate there are Tables Calculated for the rea0v 
deſcribing of obſcure Horizonte! Dials upon all Plains, and alſo Tables «| 


the 


SURFACE 


Of we -vv4 ov 


the Sun's Altitude at all houry (indiverke Latirydes,) And ai 
of an Horizontal. Dial with. the Tropicks of Cancer and 2 Fj Ph 


haye in the Winth Traitate , Page 220 ſo,you have an Example 
of an Erect Direct Eaſt Dial, with Stn} oral the 13 Signs i 


on it, in Chap.2. Pag.115 and 118. Figure 1]. of the Fourth Teak 
And two other Examples of Plaitis with the Parallels of the leagth of 
the day upon theniy, One is a Polar Dial, Figere 7. the thier is a South 
Dial, Figare LX. of the Fourth [raftate. (1 , 


" = p| 
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2C'4 x p:2 = 


Df inſcyibing the Vertical Circles", (commonly Called Azimuths) pg 
F all forts of. Plains:, bj 

[ag Ciriles of the Sphere, whole Poleslie in the Horizon, 

e& each other” in Zenith abd  Nadir Points of the 

The whole Horizen is divided by Mariners into 32.e- 

s,which they call Finds or Points 9 Lhe Compoſi and deno- 

th, N by HW. N NW. &c. every Point eoritaning 11 de- 

—— This is their way of accounting , but the Account 


hd'Geographers'is-n\dre natural, a that is by 10, 20, 
to 0 90 deg. trom the Meridian, both Ways, towards the 


low to inſcribe theſe tits Dial Plains. 


* * hip wt It Hotizontal Dia. 
parallel ts the Horizon ,ubd theſe Abhmath; beioz. 
Woke the 1. Aﬀe Fon) bein fieh Blais 
Mes 5M 2. « Af etion)' ST Plains te per- 
mw robert 


A 7 imnths ate 


Jſeribe oh. Dil Pt - 
Leann TEE Th, 
act lo, ou ee! & JUL 
3 firs ile ſhall Rp 


upon the' 
An nn Dill tithe Aran abort Ace? 
to the FD % Accoaric by PointSof the Coitipaſs, you by in the Kul 


Trattate following, Page 220. 04 22h Freed :; i. 
$. EC: 65 fs Upright Suh ir Natth Dutt 


Heſe Plains lying Parallel tothe Yertical Circles in the Heavens, Ire by 
the te Pas right. Lines, unerk 1, one toxhe other, And to inſcribe 
them i s 


rough the Foot 0 the erpendicular 
Sis Line Lie Parallel t uh Au Horizon, ugh making pk þ pe ar Stile 
ading ( = 7; ent of 45 deg.) Upon this Zine from the Meridian on both 
"1 ſet the 7: Zangent{ of. x1 5 iy ORs 22 deg, anda half, ; bs 


Y 47-22. 
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' the former 7able , where you ſhall find, that 
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ſpetive Hou tines , through which the Perafel of the Sun's Courſe , athisen. 
crane into ether of theſe Signs, Sep or Pier ſhall paſs  Repairto 
Sun being in the beginning 


of either of thoſe Signs, Scorpio or Piſces, 
” C2 

12 ! oY on | 59 

11 40 20 

10 Of the Clock 51 { hoſe Comple-} 68'' g 
9 fo be 58 ' ment s "2 

- 33| 47 

Os 7) Co 6) | 54 


Then having a Se&or, take in your Compaſſes the length of the Perpend:. 
cular Stile of your Dial, and to that diſtance open the Setor in 45 deg. of the 
Taxgents, and the SeiFor fo reſting , take 62 deg. 5 9 min. therefrom which is 
the Tine Complement of 27 deg. 1 min. the Sun's Altirade at 12a Clock) 
and ſet thatdiſtance from the foot of the Perpendicular Srie upon the Line of 
12, and that ſhall be the Poire there, through which the Paralc! of Scorpio 
and Piſces ſhall paſs. Alſo take from the Se#or the 7 angent of 64 deg, 
20 min. (the Complement of 25 deg. 40 min. the Mtitude at 1 or 11 a Clock) 
and ſet that diſtance from the foot of the Perpendicular Stile upon the How 
lines of 11 and 1 a Clock, and thoſe ſhall be the Points through which your 
Parallel isto pals. 


Hi Altitude 


da ”, 


68 9 
Take likewiſe the Tangent Y74 2 * & fendes Low F 5 


of «pon the Hour-lines of 


So they ſhall give Points upon each reſpettive Howr-live , through which 
the Parallel of Scorpio and Piſces muſt pals: And a Zine traced with an eves 
hand through thoſe Points ſhall be the Parebel of the Sun's Courſe at ſuch rime 
as he enters Scorpio or Piſces: and the - ov or 7op of the Perpendicular Stilt 
ſhall, at that time of the year, by his Shadow exaQtly traverſe this Zzxe or S 
fion. And in the ſame manner , as the Points for this Para//c/ were found, 
and its Zinedrawn, ſo muſt all the reft'be drawn alſo. © © v. | 

Now generally , in /*ertical Diels Declining , as alſo in ſuch as Recl:»e allo, 
that is to ſay , uponall Plains whatſoever , (as is intimated in the Sixth Af 
ion aforegoing) draw an Horizonte! Dial r for the Plain, and infcribe 
the Sizns or the Parallels of the Zength of the i upon it, according as is be- 
fore , by ſetting off the 7azgent Complements of the Sun's Altitu 
from the foot of the Perpendicular Stile , upon the Howr-lines (the Perpendice- 
lar Stile being always made Radias) and at the ends of theſe 7 angerts (0 (et 
off upon every reſpe&tive Hoxr-line, will be a Point , by which Points, Lins 
draws 'with an even hand ſhall be the Paralels deſired: This Horizontal Diu 
being drawn in obſcare or occult Lines, when the Works done may be ex 
punged, and the true our-lines belonging tothe: Plain, as alſorthe Parailels of 
the Saws Courſe before found, may only remain, for they will be the ſame, as 
if they had been draws from the proper Hoar-lines belooging to the Plain. 


IVote, In the following TraQtte there are Tables Calculated for the reacy 
deſcribing of obſcure Horizonte! Dials upon all Plains, and alſo Tables 


the 
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the Sun? s Altitude at all hours (in diverſe Latitudes.) And an Example 
of an Horizontal. Dial. with, the-Tropicks of Cancer and Capricors you 
have in the Ninth, Traitate ; Page 240 g-= > you have an Sap 
of an Ere& Dire& Eaſt Dial, -with the P f all the 12 Signs 

on it, in Chap.2. Pag.115 and 118. Eipure Fg of all che 13 Sig Treats 
And two other Examples of Plaitis wit al the Parallels of the length of 
the day upon theniy One is a Polar Dial, Figare 7. the Otlicr is a Soutt 
Dial, Higare IX. of the Foxr: [raftate. 


2©4 x" 922 "IXP! 


Of inſcribing the Vertical Circles'," (cbmmonly Called Azimuths) p6r 
al forts of” Plains; © 


Z imuths ate ant Cirdles of the: oboe, whos Poteslie in 4s Horiton, 
A and do interfe& each other” in Zenith abd Nadir Points of the 
Heavens The whole Horizen is divided by Mariners into 32-c- 

qual Parts'or Points, which they call #inds or Points 9 + Lhe Compeſiand deno- 
minate them by North, N by W. N NW. &c. every Point eoritaining 11 de- 
grees and a quarter —— This is their way of accounting , but the Account 
uſed by {f&roromers and' Geographers is\n\dre naturall, a that is by 10, 20; 
Jo. 40 ry oy Fc. to 90 deg. trom the Meridian , both ways, Wards the 


Eaft and 4 
' How to inſcribe theſe intd Dial Plains. 
CERT. S Hotizontal Pia. 


tete Plains jying parallel is the Horizad , ahd wefe" Achwith; beidz 
Great Ciicles, they (by the 1. Afedtion) Tarr ay Blick 


ain le ct 


become Sylighe Zin, ahd (by the 2: fetion) 

pendicular totheſe Circles, "in $2 Fockel eſe Zines ied. f 
ih a Center, at equal Anktes ( whicti Center is 'the foot the p 
Stile.) —— Wherzſes; making rhe on of wick pare 


Fon bly 1 Cirtle upo pon the D in; 
te Ar adit f; ſuch Hches, ny Doſs d: 
te Cn 10, 20, 40 oe ps be | 7 
ite ſtill 


y "hepops 
An Example _ ati Horizonta | 
to the' Mae s Account by Pointsof by Cong, ts tore in 0% rt 


TraQtate following, Page 220. 2 27h Sag. 


SECT. 14. 6 Ute Swab @ Noth Dit 


oth Plains lying Parallel tothe Vertical Circles in the Heevini ire by 

the Rn) right £ es, parall;l, one tothe ther. And to inſcribe 

them 1 t ; Deaf Through the Foot of \ the perpendicular 

Srile , draw . Liric toth [- | Horican, hi m aking the x perpendicy/ar Stile 

oof (or T4nge wht 45 1% n this Zine from Mardi (on both 
cs ) ſet A the "Z angents 0 


i Faw) 


pool wm 


{ +u57wan | 


05, we a LON? 22 deg, and half, de. 


gh 
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Points of the Compafi, or the Tangems of 10, 20, 30 deg. &c. which beſt 
it wah Rog Now: if through thele poimts you draw right Lines petpendi. 
cular to the Horizontal Line they will be-all of them parallel one to dtiother, 
and alſo parallcl to the Meridian or 12-2 Clock Line of Dial, but ar —_ 
diftances one from another”, according as the 7angent” Line increafes; And 
theſe Lines thus drawn, ſhall be the Azimarh Lines proper to thoſe Plains. 

An Example of a Dire& South Dial wkh Azimurhs'drawn upon it , you 
have in Figure V. and a DireCt Eaft Dial with Azimuths you have in Figure 


{I. of the Fourth Trattate, | | 
SE C T. III. InVerial (vw Upright) Declining Plains. 


He Azimmwth' Lines here are alſo pareikl one to another, 2nd mult be in-. 
ſerted in all reſpeCts as in:the former Plains, from the Meridian of the 

Plain ( if you will )or from the Meridian of the Place, but then, juſt allowance 
muſt be mate for the Difference of 'Merid;ans, or (which. is all one) for the 
Difference of {angitnde between the Meridian of the Plain and the Hcrifias 
of the Place. s | | | EY 
An Example of a South Declining Plain , with  Azimuths drawg.upon it 
you have inFigure IX.of the Fourth TraQarte. 


S E C T. 1V.: In Declining Reclining Plains. 


F He Perpendicular Stile being choſen, and made the Radius (or Zangent of 
45 deg.) Take the 7angent Complement of the Plain's Reclination, and 
ſet it from the foot of the perpendicular Stile,to the Meridian of the Place, which 
point ſhall determine the Zenith of the Place upon-the Plain, through which 
point,and the Foot of the perpendicular Stile (which'is the Zenith of the Platn,) 
a right Live drawn ſhall be perpendicular to . the. Horizontal Zine , and thall 
(when drawn) concur with the Zquator in the Howr-ltne of Six (if you haye 
ax committed 55 Ne yo —— Now wrt wet c rom the Ha, 

the perpendic tile, s Perpendicalar , you let oft the 7ancent 0 
the Plat: Reclination , a Vine drawn from the £7 thereof at Right oeles 
unto it, that Zize (ſo drawn) ſhall be the Horizonte! Line , > ag which Ze, 
the Tangents of 11 anda Quarter , a2 anda half, &«. for Points of the Comr- 
pf, or of 10,20, 39, —” (7p T0 of the Plains Reclinginn bei 
now made Ix 04 ing let front the [aid right Huge, Lines drawn'fom 
tothe Zenith of tho Place, ſhall be the A.awuths required, —— And bacauls 
theſe Ducky Reclining Plains da lie obliquely torhe Acimuth or Pertical Cir- 
cer inthe Heevexr, therefore (by the ſoya 3. Aer) though they 
wake peg and do meet in, uve Cexper, namely in the Zexith of rhe, Plain 
yetdothey meet at _ EE | | 

The Examples in the Fourth TraQate of Reclining Plains with Azimuths 
deſcribed upy! them ye —— (3-) A PalarPlaig, igure. I, — (2.) An 
_ ne Plain, Figure XIT. —— And /3.) A Declining Reclining Plain, 
igure | 


Note here, That if the diſtance between the Meridians be known upon the 
Horizomal Line, the Azimuths which were accoumed from' the Hferidi- 
an of the Plain, may be fitted to Account as from the Meridian of the 
Place, with eaſe. —— For, Let the diftance be the Tangent of the 
20 deg. then that Fzimurh which is ro deg, from the'ove, is to deg. m"_ 

of 


| Of SUN-DIALS. 
er alſo ; And; that which 3 deg. og-- | 
other alſo which Jo 8: Og Pngt the Ad. 


ile is 1o deg. on the other {ide of | 
jr be obſerved for any other diſtance. | rom ”"_ 
CunuaeP, IV, 


Of inſcribing of the Almicanthar, ( commonly called Circles) or Paral- 
lels, of the Sun's Altirade' pov all ſores of Plains, 


anger or —_ of roared, are 4 ſer Cireles. of the gpberey and 
hai the 3. Afedts Art. | W557 oh 
lies not para nh Os mr rp. Par hacdme Conich Sections 
Theſe Arnicenthers may nat improper 


ly. be called Parebels of Declination 
from the Horizon , they haviag-in al reſp 


s the fame Hubitude, Relation of 
Afeition to the Horizon, which the Parallels of the Signs or of the Sun's ho 
have to the ZquinoZFial, to whych they are Parallel. therefore (as in the 
deſcribing of the Signs or Paralle/t of the: days length) An Horizontal Dial 
proper for the Plaiz, being firſt (obſcurely) ; dion as wasS(1n the II. SeQi- 
on) ſhewed , that the Poznts through which the Signs or Parslkl; ſhould paſs 
upon every hour, might be obtained by apply 


| ing the 7 2rgents of the Comple- 
ments of the Sun's height at thoſe hours in thoſe Parallels, from the foot of the 
Perpendicslar Stile upon the reſpeRive bowrs tar which thoſe Mtitudes did be- 

Now to find what Atitwde the Sun ſhall have he being upon ay foie, 
ſhall be hereafter taught in the enſuing Trafate, where ſeveral Tables there- 
of are Calculated for diverſe Latitudes z Notwithſtanding, I will here inſerc 
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Your Tabtebeiiig thus red nd yout- Dia! obſeurelydrawn, You ate 
to make uſe of 1 bg (hs peepanne ch is perpendicular toyonr Plain (Which in 
all Plains is that which pm e Foot of the Perpendicular: Stile) 
but all the other Azimuths alſo being inſcribed obſcurely, the 7angents Com. 
plements of the Sun's height above the Plain, when he 1s in any Azimuth, ap: 
plied from the foot of the Perpendicutsr Stile 4 upen the reſpeQtive Azimarh 
gives a Point, through which that Mmicanthar or Circle of Altitude upon that 
Azimath rnaſt pals. "7 }- 8 * 214917 0 
An Example of an Horizontal Dial with the Almicanters or Cireles of ;Al. 
titude , (as they are proportioned to the height of Perpetidicular Obje&s to 
their heights) you have in the Ninth TraQate, 220.. , And-another (4 
an Eaſt Reclining Plain) with the like Circles of Altirude)upon it you ſar 
in Figure X1L. of the Fourth TraQtate ; And upon a South Declining Plain in 
Figure XI. of the Fourth TraQtate. And laftly , upon a Declining Reclining 
Plain in Figure XII. of the ſame Fourth TraQate. 1 mel 
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Of the Babyloniſh | Traliati «nd Jewiſh 'hours , - a1d bow to deſcribe 
them upon Sun-Dials. gy 


Do couch theſe three under one Head or 7able , for that the manner if 

their Inſcription into S#»-dials is much after the ſame manner, and bef 

ing they are Hour-lines , ſo Great Circles, and therefore , being deſcri 
upon a Plaiy, they become by (the firſt ffeion) Streight Lines. et 


SE C T. 1. For the Babyloniſh Hours. | 
f &- Babyloniſh Hours ate accounted the equal hours from the Su's Riſkiy 


for at what time ſoever , at all times of the year, the Sun appeats © 
Tiles, above the Horizon , that is the firſt minute of their day. Theſe Hour- 
lines may be inſcribed upon any Plain by help of thoſe two Paralels , which 
do ſhew the Zongeſt and Shorteit Days, conſiſting of equal or entire hours ia 
ur many Latitude, n here mu a r phoyrn 51 dep. 32 _ 
teſt day conſiſting'o s 15 that day that 1s juſt 8 hours | -and 
the fon” «y it that rior. ur is that which-is juſt 16 hours long, "By hel | 
of the Parallels of the Sux's Courſe for theſe-two days, and the Fquinoddi 
all the, Bubyloniſh bovr; may be drawn upon any Plainin'manner following;. , 
T UL ———; lr is evident, in this Za/rdd, 
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h long, the 'Sun- riſes at 8-0of the 
Clock in the Morning, then at 9 4 
Clock the Sun hath beenup One 
hour Whenthe day is 12 
hours long, the Sunriſes at 6, and 
at 7 2 Clock' ithath been up juſt 


One hour When .the day. 
16 hours long # the Sun riſes at 
of the Clock, and at5 it h 

up Oze hour, (Wherefore ta dra 
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Trough Yo the After noon jin the P exalle/ 14 ring lrowr. ©» 
The Aighe hours 9, 10,11, Fe. ae the Morning hors produced. $a | 
\IIds  & £1 360) ad of ? 
| An Examp le of a Dire Sath/ Dial., ; with bothrhe 4b; hand Ha 
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E Suppfeinent | 


a ot To the; Two Terdgding ).” ah. 


DLL (EY! 


TRACTATES, 
Concerning the Form of the Parallels of Declination and 


: Altifnde: and other Lines of the! F arottvireof Sun- 
->Dialswhich When they are ngither Right'Eines nor 
Arches of Circles,but Conick efions, NP at any 
T ime, and upon any Phiin; what Sedion the Shadow 
of the Apex traceth out upon the Plain, ack it : be 


.r\Parabelical, Hyperbolical;roti Blbpnieals:1q 111 


3qA * M1 \o wobs:!0 wg Bas T 44 C292 I wit {3904200 p 


 Slg#i'thd to'fh B48 yFhow to 
inſcribe the Parallels o > $ mican- 
thars , Babyloniſb , Italian Comer a Fe hours os egy: Dial. jo ie 


the Sigws ending : Dal ls moe ; ok gs Horizom of o of S, woof 
moter Countries, and ſeveral other Gnomonical Conclu bons, 
ch&re ſhevutd the manner 
aero LO Fn 
e Pirilleks ie igre 
delofibed! Diakpldiespolnch ; when thip are nor Ora wor 
Zamea (as the Peter) chicy are ell ;:dnd/aliways ; Cont iS wy le 
< ref afro troryliry roy 7 
DAL A r $. do 
ey pas yet IF 'Deomonſiraot) n'imlt be hero fhiewed, how, oranytimes 
oe avs ing Mohete ee elle tho thiol of dh oft rop' of. 
'traceth burupan amp Bidpicin;'Aad: be nat abſo) 
lorely neceſſary for the Diali/t.to know,' for without the knowledge hereof he 
my taako and finiſh hib Diet ashacti been already Ars 3 At 
For the' alluſtration'of che/natdire' of tha" Poralleis of Abirale) and "+ 
4av's. Gonr ſe pon (Dialplnens }.:kſball deliver: Bree brief Rules, -whith are 
2--i by Arvlnin n the a4, Pas of = 6 Book of Opricks, which: Rides 


RULE I. 


| Sy, 


Of th FURNITURE 
RYLE L 


When the Sun is in any Parallel if” the Plain of the Dial be Parals 
lel to a Great Circle of the Sphere, which toucheth the Parallel, 
and the oppoſice thereunto , the ProjeFtion of the Shadow of the 


Apex ſhall be a PARABOLA pg «en 
RULE 11 | 


If the Dial-Plain be Eq adiftane t04 Great Circle which cuts the 
Parallel , and the ite thereunto , the Shadow ah the Apex 
runs man HYPERBOL A. 


RULE TH. 


If the Dial- plain be Equidiftant to's Greax Circle ; which uber 
Toucheth nor Cutteth the Parallel, the Shadow of the Apex, 


or Top.of the  ELLIPE Id Ov fo is meant i; af, his 


ſrl ras em, EL.LI 6T'S., ir 2dritoi 3 
For Unſrten Ls the Thee n fg Rilles'! Keje mnefrk fas 


Pig Figut C. 
—Y 


! But farſt it will be requilite conchuant you a with COME, andthe fe 
ral Sefions thereof, 6 \29r gb 
- Firſt theo, A CO N E(asitis defined by Enclideio the 28%: 199-and 500 
Definitions. of his Eleventh Book) 'is 2 Figure made, —_—_ a Retbb 
angled Triangle (viz. one of thoſe that contain the ———__ 
Triangle is turned round about,till-it return to 
moved. And if the fixed right Line; be: ans: 6 THE wo 
ID ht Angle, the Goes dright Angle Cone, brit if 'it beef, at is 
an Obruſe Ancled Cone: if Greater, an Angled Cont -—-— The Axivof w 
Cone, is that Line about which the ons +=» The Baſe of a: 
Cope, is the Circle which is deſcribed by the right\ Zine moved about,” + 1 
Figure 1. Inthis Figure, Let ABXC a & ors. Cone, then the Cave cut off by: 
|, Aa Line OP peralk! to the Baſe AB; the Seffiow {o cut ſhall be-a\Girele. 1 © | 
2, If the Cone be. cut off by a Zine K G, pwraleltothe Axis rokrhe Cone AX; 
the Sefiow ſo cut off ſhall be a an Fyperbola. ik | 
3. If the Cone be cutby a Line FD, parallel to any of the Sides of the Cone, 

(asF D parallel to A B) the Sef#ion fo cut off ſhall bea Parabols. 
4- If the Core be cut obliquely through the 4xis and Sides, as by the Line 

N a, the SetFion {o cut off thall be an A F, 


- --- 


Wherein 


Of SUN. 


{4 _ } L [1 1, j / JI 
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- 0M , «Ss 
a _ ” 
= . p 
. . : 


- . 
, I | 
F.Su44 
C 
424& 


| IJ e ©. 5 Ke * dvat1-:! 
1 SIT It 4 (ab 16612 WW 2. w'\,:/'$ 
Wherein the outwitd or pitihre Gate WNES , teprelenterhs Gavedt +... 
N and'S, the Point of Zenith and Aladir. (ORE 2. ? 
WE, The #Þrmzoan; i SS 0) 1 oi aber mn ci mia 
E P, 51 deg. 32, min. the heighth of the North Pole , or the Latitude of 
EL en ara fer ray Be Ro : & off 


P Q, The Prime Fentiea/Civcle; and Axis of the Horld: 


"ua 


—- 7 oF*. 
b 
© * GT ws 
- ” ” 
o 


. 


P, The North; and Q, the Sunth:Pobes: Mo 

A T, The Zquinatial of” Fqiitor.”” '' ' SHOKIDET 
C L, The Feliptick. BILE AM 
CY, and X I,theTwo 7ropickt: 1» emo! 

BD, An ieterriiediate\ North Parallel of the Sun's Courſe or Declination, 

T. Now from the 'Scherre it is evident, that the' Horizontal Dial forthe Lati: 
tude of Zondow 51 deg. 32 min. being equidiſtenr to the Great Circle, or Hori- 
£0n W E, which cuts the Zropicks, and alt the Parallels berween them , as that 
of BD, or any other, is (according to the Firſt Rule) ſach , that the Shadow 
of the 4pex of the Srie ſhall thereupon, all the year lorig, trace out Hyperbo- 
laes ; but of differetit kinds, 'as the P/4in ſtiall cue ſeveral Parakiels , more of 
leſs unequally. 

If. But it a Dia! were made parafe! to the Feliptick C L., which only 
roucheth the Tropicks (and doth not interſef or cut them) the Shadow of the 
Apex thereupon, when the Sun is in the 7ropicks, ſhall trace out Parabols's. 

NIE If a Plain were equidi#azt , not to the Equator & T, but to ſorhe other 
Plain as MK, whoſe Great Circle neither 7onches any of the Parallels, nor Cuts 
them, the Shadow of the _ of the Si/e there , ſhall always trace out ſome 

ez but /eſſer as the Sex or his Par/lel approach» 
eth nearer the Equator, and greater in thoſe Horizons which make more acute 
Angles with the Zquicor ; | urftil (atYaſt) the Horizon, WE , and the Equator 
A T,become co-incident; And then the Projet#ion of the Shedow made by the 
Apex of the Stile ſhall trace out a perfe& Circle. Likewiſe let the Hori- 
20n be howſoever ſituate, if the Sax be in no Parallel , but in the Fquator it 
lelf, the Projettion of the Shadow made by the Apex of the Stile, ſhall be a right 

or Streight Line; 


Ellipfisbut not always the 


I ſhall not here inſert the Demonſtration which Aquilonizs uſeth to prove 
theſe three Rules, but indeayourto make it plain enough otherwiſe. 


I. The Sun being in the Southern Signs , ſuppoſe the dark CimeC AY in 
Rr North 


Of ze FURNITURE 

North Latitude, to be cut by a Plain C A Y, through the Yertexat A, perpen. - 
diculer to the Center of the Baſe of the Coxe, it gives the Triangſ& C A y fe. 
the flat, and under Swperficies of the Semi-Cone C A Y. Now let r 0 (which 
is drawn With a f#1/ Line) be the Horizon, or Dial Plain (for every Dial Plain 
is parallel to ſome Horizon or other, as is before intimated) and let it be equi. 
v7 yok toC A, then the Common Seftion r o (which while the Sz is in the 
Tropick X, didti uitheth { or rather) ſeparateth, the Zizhr from the Darknef, 
As by the general Definition of a Cone. A Sensi-Parabols in like ſort might 
be proved, if the Sun were in any other Parallel , as ſuppoſe in the Paralle/ 
B D, for ſuppoſing the pricked Zine r o, to repreſent the Dzal Plain, parallel to 
B A, the ſame Concluſion follows, from the ſaid general. Definition of a Cone. 

IL Let the Dial Plain beR ©, parallel to thi great Circle.or. Horizon W E, 
which cutsthe Paraliel CY in © , then (by the faid Definition General) the 
Common Seition R © , which that day ne the Zight and Darknef upon 
the Plain, is a Semi-Hyperbols. +— Or, it inſtead of the Sewi-Cone, anepon- 
ceive the Section of the Cone, through the Vertex and Axis.to be:the pleiy.77i- 
angle, CAY,andR © aright Line, to be only the Diameter, of the Seftionthe 
thing is the ſame, and the Se#ion, (by the 2. Definit. of the Third of Ayaorgins) 
is an Hperboſs. vt joahiffoigd gf ning an nb is 1 

II. Laſtly, (to avoid confuſion of Zines , and multiplicity of Schemes) Let 
the Sux be in the Northern Signs, and X. A L. the dark Cane, and ZL the Dic/ 
Plain , in South Latitude, equid:ant, tothe grees Circle! MK, which neither 
cutteth nor toucheth the Parallels ; it is evigent, that ZE, orany Line eqsid#- 
ſtant toMK, ſhall cut the 7riangle X AL. madefrom a Se&iox from the Yer. 
rex as before, in both the Sides X A, and L A, and is therefore (by the 3 of the 
3. Definition of Mydorgias) the Diameter of an. Ellipfs, or (by the general 
Definition of a Cone) it is halt an £Uipſis —— And fo, any other Line parallel 
toZ L,and greater than X L, isthe Diameter, of a greater X/lipſis, or rather, 
an Zlipſu of a greater Cone , which might be made , by producing the Lines ' 
AX and AL atpleaſure. $1114 001 01 | 

This that hath been here delivered is (lhope) proof ſufficieat,for what hath 
becn ſaid of this matter, and I hope enough tq make it intelligible. 


—_— 


} bs 


The End of the SUPPLEMENT. 
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BLES 


'6f divers Kinds 


Called pas feat Elevations of the Pole of Liti. 


* ruler ; : va uſcful, and woe ſubſervient to the Art 


DIALING: 


THE WHICH 


Wit. ne: TABLE of Natural SINES; TANGEN 
and SECANTS, (hereunto annexed) and a Scale Meds i 


rather) ha Equal Parts upon it ; :The Parallels of the $ 
and Diynal. Arches, the Azimuths, Almicanters, the Jewiſh « Sp 
and Babyloniſh hours. and other FUR NI Tu RE, Le eaſily 
(and mbre exactly than by any other be inſcribed upon 
all Dial Plans whatſoever: | 


. 
, ——__ 
_—_ "& V oy 


The Sik TRACTATE. 


2 -aS = a FI-0 


of 


Rr 3 
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"3 
CY 


1A 


FT as1 s Shewing what Dechination the Sun ſhall 
have, he being in any Degree of the Echiptick, —— 


y3 jo IHg 


—_—__— 
-”-_ 


a 
= 
>. 
Mt 
mr” 
= 
5, 
3 
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Northera Signs. | 


7 Ee 
16 23 38[22 
16 41 Z) 
16 4$ 20122 
=P 


| IZ 13 41 
9 2919 59.5 917 41 of 


P—I—_ 


© — — 


11 40 13 21/23 31 309/20 13 21/11 30 44/0 © 
Piſces | Aguarins 22 Capricorn vlSagittary Þ | Scorpio m | Libra 
Southern Signs. l I 


_— — — TT.” OT OT EE Ie COeuen 


Of UN-DIALS, © 5oþ 
The Diſeription C nftrattion, Wl Fo) of this Tas, 
7; "Deſcription 


=, He Tinker Exh Cilutics { The firſt of which towards 


NEAT Tote gl a0y of 
#reo 


Zev or 


» T a- 


11 (2016 9 '8T 2rl1 10 m9? 


34a . = j " \4 ab S#*® C 
" 4 -y , 
AE { CL d//:4:h Hat [7 W | T4 Iv 
- - . 
_ agrr + J 
"| 10 \ - 
4 . 


13S KI iff 2K oY 4.00 + NW! (1 nr 20% ri "7 


The Place of the Sun i in the ; Eclipn; being <3 the Declination of the 


Sun from thence may be caſily d ord by. Tg pd Analogy or Pro- 
Aorum. . er nie: 989 Cy 


» 3 
r > " 
© $3-15e" == $4 nd ie fit y 


5 "Bhs « 2 
TI WE EA 


As the Sine of go Degrees A 0.0000000 


[to the Sine of the Sun's greateſt Declination 33 deg, 31 mig. "þododpgt 
So 1s the Sine of the Sun's diſtance from -4ies or thine 3H 
(ſuppole 19 deg. 9. $146419 


To the Sine of 7 deg. 28 min, the Sun's Declination; when he 
is in 19 deg. of Aries or Libra. bs wp 1433416 


And in the ſame manner may you find that when the Sun is in 13 deg. of 


Taurus Or Scorpio, the Sun's Declination "A 15 deg. 48 min, fere, viz. 15 
deg. 47 min. 47 Seconds, &c. 


In what Sig and ree of the Ecli the Sun will be any day of the 
S Year may be d Deg (exatt 53d card Performances ) by 
memory, if it be reniembred that upon the firſt day of 


Fanuary, February, March, April, My, Fane, 


the Sun is in 
ene EOS + RES 20 X, _2t V, 20 V, Ig I 
Fu; Auouſt, September, Oftober, FOROUP He Seals; 
the Sun is in 
18 Ss, 1894; 19 ww; u7 = 1:8 19 ©; 


For if you add the Days of the Moneth, to the Degrees of the Sign thatthe 
Sun 15 in on the firſt day of the Month, the Sum is the degrecs of he 


Sign the Sun is int; if the Sun exceed 30 pe ence Sign ; 59 


155 
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in the Seventh of ay the Sun will be in 27 degrees of 7awras; And on 
the Eighteenth of October the Sun will be 10 5 degrees of Fe 


TIE. Its Hee. 


Seek the Sign that the Sun is in, if it. be; 4 rg 


Sign in the {48 


he Tb hen of he GR no Co of the 


and in the Commibti iq or Angle of imevting! of: thoſsrws you have the 
Declination.: So the'Sun being'in 25: = Ls ſeek Ze (it being a! Northy. 
ern Sign) in the Head of the Tabte , in the firſt Column, :andug. 
tir Lk , and againſt 25 deg. you ſhall'figd by: 3 5; which ſhews that when 
the Sun is in 2 5'deg. of Zeo, na agh >< ow rats; Hh prenrſcbs 
nation: —— Alſo the Sun being in 17 deg.of 

ing a Southern) at the Foot, or bottom of the Ty and "he 17 

Column, and over Capricars;> and, fdeg- you ſhall 5 bell 23 
ſhewing that the Sun being 1n 17 deg; 0 Cn, his Declination will be 
22 deg. 26 min. 22 Spconds: fr nn Fen And 4” © pe 


Wote, If * bw be in a Worthers Sign , k "Un Sun hath Neth, jy 


nation, 


i 
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-\Of SONDIALS 


ns 

[A Tas Rf ſhewidg the |cngth 6f the Artifcia Day 

or Night, the Sun being in any Degree of the E- 
cliprick for 12 ſeveral Degrees .of Larirude., vis; 
from 4479 57 Te. © i; 


Þ- 


— 


Degrees of Latinde; Or Hime th TY \l| ; 
45 | 46 41:} 49, { 49]. 59; 50. | nl. 
20 Y | 
2p-. 
"27 
d i26 
os _| 
6.10 6 10. 6 10 6-1 '24 - 
12] 12] 12} 14] 13} 'D3 
13] 15 yh 1 22 
156 166 166 17 '21 
1 18 18 20 
ig] 20] 20 aJ ” 
206 216 226 23(6 18 
22 22] 20 17 
24] 24 25 16 
26{6 26 6 276 2 Is 
28 28] 29, 14 
3 30 21) 13 
316 320 336 34 12 
3 34) 35 1! 
, 254 30 37 10 
34'6 36's 4 x 386.40 dl-9 1 
38] 33, 40 8 | 
47 402 4 a1 7 | 
396 41 426 41 6 | 
| 43} 43'_46 Jl v 
43} 45} 45 + 4 
446 4616 476 49 3 
-4 +4] + $1 206 : 
6 49 471 48 50 53 ' $9 
'6 47 496 5ol6 526 54 F4\s 56 5616 58 off 317 4 bry 8 5 
ao $i 52] 54 56] 58/7 of” 7 Fu 
0 $2} 53} $6} $77 © 2  16]] | 
| 6 Ay 536 551% 576 597 117 27 
$54] -5 59 WÞ $3 < Fcu1þ o13 116 © 19]]| 26 
"x 97_&0 3 y._1-10:-180 7 15 25 
6 5616 5jſ7 07 27 ah 17 2 1217 15]7 17 -24 | 
$7] $5 4 6 gf - 11] 14] +17 Ig | P 23 
587 3] 6} B 10|- 13] 16] 19 \ 22 
07 27 517 7 97 1217 157 1717 20-77 Th 6:30} 21 
1 6 Y | 13] 91” 18 22] | 32)\ 20 
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Degrees of Latitude ; Or, Elevation of the Pole | 


46 | 47| 48 | 49,| 52 | 51 


{h. m.|b. m.|þ. m.|h. mb. m. 
= — —— 
06- 06 ols 
11 5} 
JT 12 7 17]7 20 
13 I9 
I5 Ei 
7.1712, 19/7. 2217, 25} 
18 23] 2 
Ip 25] 
7 21,9.247.2 
22] 2 
4, OM. 1 Bi 


7 2517 287 317 3 


26 32 
28 34 
7 297 327 36 


© 47 52 568 if 6| 
7. 48.7 537. 5718 28 


49] 33} . 57]. 

49: 54] 58 
7 4617-397 557. 5918 45 

50 59 
$1 0 

7 527 578 18 
33 5 1 
LIBRIS 
7 547 588 3 
" 58 3 
55] 59 #4 
7 557 599 4 
50, 55l 59! 4 
| 56.8 O 4 
7 56:8 4 
56 4 
56 4 
7 568 5 


7 39 


Of SUN-DIALS: 
The Deſcription, ConſtruQivh au Uſe of this Table: 
I. Tcs Defeription 


The:Table conſiſteth of 14 Colam#s * "in the firſt towards the Left hand; 
2nd in the laſt towards the Right hand , 'you-have the Sign, and Degree that 
the Sun is in; and in the other 12 intermediate Colamns-you have the Semi- 
diurnal and Seminofturhel Arks , or half length of the Artifcial Day ot 
Niebt. - | Sf DAS ;v 

Now; the Artificial Day is an Arch of the Vater! Day , and cortaids that 
ſpace of time*which is numbered from the Kiſing of the Sex unto the going 
down of the fame 3 and this Arch is eittier Zqz«/ or Unequal. The mean 
or Equal Artificial Day, contains always 12 hours, which evermoreha 
when the Sun is in the Zquinod#ial, but when the Sun is out of the ſame Line, 
it is unequal ,;and is then either /oger gr ſborter than 12 hours; according as 
the Sun's Arch or Parafel cauſed by the greater or lefſer Elevation of the 
Pole above the Horizon. | NF” 


| l ob MLT os GI UEFL & 
de) IL Its (onftruftion. 
The Candi, Andlory or Proportion, By Wwhichthis Table is made, is this ; 
The Zatitude of the Place and the Dectivetivn of the Sun being known : — 
Let the 'Zatitude-be 4,7 deg. and let the Sux be in 19 deg. of ries; at which 
time(by tHe former Table) the Sus hath 7 Jeg. 28 min; of 'Decl/inarion , Then 
the Proportion is © | #28 


As the Co-tangeat of the Latitude 43 degrees | b. 9696559 

| To the Tangeiit of the Decl/ination 7 deg. 28 min; 9. 11747 24 
So Radins go deg. IO. 000C000 
To the Size of 8 deg, 4 min. 19. 1174724 

9: 1478165 


This 8 deg. 4 min. converted into time is 32 min. and is the Fcenſinnel 
Difference (or the diſtance in time that the Sun riſes before or after Six: ) which 
added to Six hours (becauſe the Sun is in a Northern Sign) makes 6 hours 32 
min. for the Servidisrnal Ark, or half length of the Day. 


Ate , The Semidiurnal Ark doubled is the length of the Day , and that 
double ſubſtraQted from 24 is the length of the Night, and the Aſcen 
:---;- Difference ſubſtraQted from Six hours, gives the time of the S#n's Rifinz; 
- and added to Six hours, gives the time of the Sox's Serring. 


ns Uſe: 


Seek the Sigf and Degree id which the Sun is in the firſt or laſt Columo, 
and right againſt it (under the Latitude AT at the head of the 7b/c) you 


Of the FURNITURE 


ſhall have the Semidiurnal Ark if the Sign in which the Sun is be a Vorthern 
Sion, or the Semminotturnel Arch, if the Sun be 1n a Southern Sigy. 


Example 1. The Swi being in a Northern Sign. 


Let the Sun bein the 12 deg; of ;Gemini, and let it be required to know the 
length of the day in the Latitude of 46 deg. Look for 12 deg, of Gemini inthe 
Firſt Column of the 7able, and right againſt it ( under the Zaritude 46 deg, 
found in the bead_of the 7able) you ſhall have 7 hours 40 min. for the Semi 
diurnal Arch , and times of the Sun's Setting , which doubled is 15 hours 20 
min. for the q 2s d the day, —— So likewife when the Sun i in-a3.deg. 
of Zeo , in the, Latitude of 54 deg. the Semidinurnal Arch will be. '% and tobe 
hours 23 min. which doubled makes 14 hours 46 min. for the Zeepeb of th 
Day. But, | | Ri Hara 209 


Exartiple 2. The Sim bemy in a Southern Sign. oy 


Let the Sun be in 19 deg. of Yquariws, and let it be required to find the 
Length of the Day and Night, and alſo at what time the Su» Riſes and Sers 
in the Latitude of 48 degrees. Look for 19 deg.of: Aquarius (which you ſhall 
find in thelaſt Column of the 7able towards the right hand) and right againſt 
it , under 48 deg. of! Zaxtitvdg,, you ſhall ind. 7 hours 1x min. which. s the 
Seminocturual Arch,.and the:time of the Sun's Riſing ,( becaule the, Sun is in 
Southern Sign) —+— This Arcb doubkd gives 14 hougs 22 min. for. the. 4 4s. 
of the Night. _ And taken, out of 24 hours, leaves 9 hours. 33 a. or 


Length of the Day : —— The half whereof, 4 hours 4g in the tume of © 
Sun's Setting. LOS: 
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Degvees of Latitude. 
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of the' FURNITURE 
The Deſcription, Conſtruction and Uſe of this Tabte: 
I. - Its Deſcription. 


The Tables being in number Six, do each of them contain Eleven Columngz 
in- the firſt whereot towards the left hand contains the ſeyeral degrees of the 
Sun's Declination from one deg. to 23 deg. 31 min. and art the head of each 
Column are the ſeyeral degrees of Latitude from 1 deg. to 60 deg. 


II.. Its (onſtruftion. 


The Latitude of the Place 4nd the Declination of the Sun being known, the 
Canon, Analogy or Proportion by which the 7able is formed is This: 
As the Sine Complenient. of .the Latitude. (luppoſe 43 deg. Latitude) 47 


deg. | 9. 8641275 

Is to the Radius go deg.. | IO. 0000009 
So is the Sine of. the Declication (ſuppoſe 15 deg.) I9. 41299632 
To the Sine of the Amplitude 20 deg. 43 min. 9. 5483687 


ge Wm, 
So likewiſe if the Lati- Y* 0 Aud the Sun's ) 7 The Anipliiude would 3 34 
tude were + Declination } ,* \ be found to be 29 - 


And here Note. (1.) If the Sun's Declination be North, the Sun's Ampli. 
tude of Riſing or Setting is towards the /Vorth , and the Sun Riſes bb, 
tween the Faft and the. North, and Sets between the Y: and the 
North — But (2.) If the Declinarton beSouth the Sun Riſes between 
the Faſt and the South and Sets between the /Yeſt and the South: (3.) 
Whea the Sun is in the Equinodia/ and hath no degrees of Declin:tiong 
the Sun hath no degrees of Amplitude , but Riſes due Eaft and Sets due: 


Het. 
III. Ts Hf. | | 
Seek the Latitude in the Head of the Table , and the Sun's Declinationin' 
the firſt Column,and in the Common Angle or SeQtion,you have the Lmplitade 
Example, In the Latitude 15 deg. the Sun having 20 deg, of North De- 
clination I would know his Amplitude : — Seek- 15 degrees in the Hegd! 
of the Table, and 20 in the firft Column yz and _ ainſt 20 and under ts, 
you ſhall find 20 deg.44 mits. and ſuch Amplitude thall the Sun have in the La-/ 


titude of 15 deg. when he hath 20 deg.” of Delineation : And is A—_ 


if the Declination be Paav'ty according to the foregoing Note. 


A Table ſhewing what Declination the Sun ſhall have when the Sun Riſes 
or Sets upon any even Point and Half Pomt of the Compaſs , in any Le* 
titude from the Equinoftial to 60 Degrees. © oy 
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' The Deſcription, ConſtruQion and Uſe of this Table, 


IT. Its Deſcription. 


The 7able Confiſteth of Eleven Colamns , in the Firſt of which towards 
the left hand are contained all degrees of Zatitade, from 60 deg. down to the 
Equinottial, —— And at the head of the 7 able are ſo many whole and half 
Points of the Compaſs, as the Sun may Riſe or Set upon in thole Zatitudes count- 
cd from the Z:ft or + - Northwards And at the bottom of the 7able 
are ſuch Points and half Points of the Compaſi, as the San may Riſe or Ser 
upon in any of the forementioned Zatitades between the Eft or Yet Points 
and the South , as the Titles at the head and foot: of the Table do expreſs ; 
And under them is the degrecs of Declination that the Sus ſhall haye when 
he Riſes or Sets upon thoſe Points of the Compaſs. | 


IT. Ts Conftruftion. 


If you would know what Declination the Syn ſhall hayeg-when he Rifes 
upon the Z.by XV. and Sets upon the /F.by NV, Point of the Campeflin any Er 
titude (ſuppole in the Latitude of 35 deg;) The Analggie or Proportion is, ©. 
As the Radixs go deg. 10; 0OC00ks 


To the Coſine of the Latitude 55 deg. | " 9. 9134585 
So is the Sine of the Point of the Compaſs from the E. or? 9g. 2902 347 
 _W. viz. 11 deg, 15 mio. (for E. by N:) | —_—— 
To the Sine of 9 deg. 12 min. x9. 203606? 


And ſuch Declination muſt the Sun have when he Riſes upon the F. by N, 
and Sers upon the //. by V. Point of the Compaſs in the Latitude of 35 deg;” 


II Its Uſe. 1 ej. | : 
Seek the Letitede in the firſt Column of the 7able towards the left hand, 
and tht Poit or half Point of the Compefſ upon which the Sun Riſes or Sers j 
the head or bottoms of the 7able, and in the common Anz/e or Seltion you ſhal 
(have the Ded/ination that the Sun then hath. - 3 OY os 
- Example. What Derlination ſhall the, Sun have when he Riſes N. E, bj F. 
and Sers N. FF. by FF. in the Latitude of 48 deg; Look for 48 deg-inthefirſ 
Column, and for jo S - in the head of the Table , and undef thoſc 
Points, and ag T7 43 Wt you ſhall find 21 deg. 49 min. for the Declinetion 
that the Sun ave when he Riſes V;"£: by F. and 'Sers NV. , by W. in the 
Latitaile of 48 deg, — - And the like in ay ocher Zatirade, | - © © | 


A TABLE ſpewing What Amplitude the Sun ſhall have af biz Riſe- 
ing or Setting from the true Eaſt or Weſt Points'of the Horizon, 
towards either the North or South, at every whole Degree of Declina- 
tion , and for all Elevations of the Pole , from the Equino&tial to 
60 degrees of Latitude, FT FO 

—— "A Table 
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A TABLE ſhewimng what Derlination the Sun ova 'Þhen the 
Day # any Number of whole hours long er Srock 
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conſiiting of equal hours, and au EquinotHal Day of. 12 hours. 
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| The Deſcription, Conſtrution aud Uſe of this Table: 
Eh Deſcriptians | 


He 7able conſiſts of Seven Columns, in the firſt whereof is all degrees of 

Latitude from the Pole to 16 degrees : And at the head of the Zable is 

the Difference between the length of an Zquinottid/ day of 12 hours long , and 

the even hours of any other days length, in great Figures, and under them in 

{ſmaller Figures , is the half difference of that length in degrees and minutes, 

and under them the Declization that the Su» ſhall then have when the day is 
10 much longer or ſhorter than an Zquinoctial Day: 


[I. Its (onftruftibn. 


If you would know what Declination the Sun ſhall have when the day is any 
number of even hours longer or ſhorter than an Zquinoiial Day in any Lati- 
Zude, Conſider the difterence of thoſe Lengths ,: and an Equinedtial Day of 132 
Hours, and take the half thereof, which turn into Degrees and Minutes : — 
As ſuppoſe I would know what Decli»ation the Sun ſhall haye when the day is 
either 15 or 9 hours long in the Latitude of 54 deg; 

Firſt, the difference between 9 or 15 hours and 12 hours (an Equinot#i 
Day) is 3 hours, the half whereof is x hour anda half, and that turned into 
ticaeis 22 deg. 30 min. —- Being thus prepared ; The Analogy or Proportion 
to find the Saws Declination at that time is, 


As the Radius go deg. 10. 0600000 
Is to the Sire of half the differ. 1 lhiour 30 min.(viz.22 d.zom.) 9. 5828397 
So is the Co-rengent of the Zatitude 36 deg. 9. 8612610 
To the Tangent of 15 deg. 33. min. © 29. 4441007 


' And ſuch Declization ſhall the Sun have, when the day iS either 9 or 15 hours 
long in the Zatitude of 54 deg. 


IIL Ts Uſe. 


Seek the Zatitade in the Firſt Colums, and the Differente between the day 
propoſed and an ZquinotFial Day, inthe head of the 7able,- among the great 
Figures, and in the common Son you have the Declination defired. 

Example, What Detlination ſhall the Sun» have when the diy is either 10 
or 14 hours long in the Zatitzde of 56 deg. — The difference between 10 
or 14 hours, and an EquinotFial day is 2 hours. . Find 2 hours at the head of 
the 7able, and under it, and againſt 76 the Zatitude found in the Firſt Column) 
you ſhall find 1 deg. 15 min. and ſuch Dec/ination ſhall the. Su» have when the 
day is cither xoor 14 hours long inthe Zatitude of 76 deg. gi; 

De Deg. Min: 


| go 

it_ 20 ſ 201 Is 44 
' And ſowhen the u s. Honrs long "2 The Sun's Declins- wn by 

Hes Þ ab 9 þ inthe La ;  e tionwill be ff 9 | 
FP Ge] S SP titude of "| tobe [12 by 
7 17 | 70 X: 14... 30 
| 6 218), 82) ne AR @ 
And ſosf any other. Te 9 Ps 
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tclining or Inclizing Plain 


Upright R 


th or South 


<— 


ſ the Stiles bright about any Dirt No 


or 


——_— 
— 


tical or Horizontal Plains, 


s of Latitude ſor Vir 


7 ld 
| A TABLE of Horizontal Spaces ſhewing the Diſtance of each Hour-line 
or Horizontal Plains , as alſo upon 
Dire&t North or South Plains , wheth:r Ere& , Reclining or Incl 
Calculated t9 all Degrees of Latitude (viz.) from 00 deg, to go aeg 


from the Meridian : «pos all Vertical 


is, from the EquinoQtial up to either of the Poles. 


) oh 


VI. 
D. M. 


go OO 


go co 


90 0QO 


a, 


| 
| 


|X[ , | 1X. | VII. | VII. 
5 gl 

| IL II. IV. V. 
pI MA. MDMA. -. CHD. . 
'1]o on bo 34| 1 O|.1 44] 3 44 
2]0 32|[1 Og | 2 O| 3 4717 25 
310 48] 1 44 | 3 O|5 TO 1 u0 03 
4|1 o5| 2 19] 4 O| 6 54] 14 36 
511 20| 2 52] 4 53|8 35] 18 oO! 
6|x 3613 27 | 5 58] 10 16] 21 lg 
(1 5214 ©0316 $7] 11 $5] 24 27 
3|2 08 | 4 27} 7 55113 33}27 23 
9| 2 231$ Op | 8- $4 | 15 I0| 30 17 
10| 2 40 | 5 43 | 9 Fij16 43} 32 57 
11] 3 55 16 lo 4818 m}35 27 
I2| 2 1116 SL] 11 45.1 9 48 37 4. 
13] 3 2717 24 \ 12 41] 21 I7 | 4© OI 
14| 3 43 | 7 $7'| 13 $6] 42 44142 Og 
1513 313 301g 31]24 og|44 © 
16], i319 Q2 | 15 25] 25 31145 49 
17], 2019 35 | 16 26] 26 52 | 47 26 
CIP! 44 | 10 o8 | 17 19] 28 Og | 49 04 
19], z9 | 10 39.113. o2|29. 323] 50 33 
20|g 14 | 11 101 18 53 | 30 39 | S1 55 
aſx [i aillg axf91 Jyols3s 5 
22] 7 44 | 22 13 | 20 32] 32 53 | 54 21 
23] 75 59 | 12 43 | 21 20] 34 o5 | 5s 30 
24( 6 13 | 13 13]22 o$8] 35 10 | 56 37 
25] 6 28 | 13 43 | 22 55] 36 12 | 57 34 
26] 6 2614 ny iy ai 
27] 6 56 | 14 41 | 24 251] 38 I1 | 59 27 
28] 7 10 | 15 io|[25 cgo|39 o7|% 127 
29] 7 24 | 15 40 | 25 52 | 40 O2 | G1 04 
32|.7 33 16 06 | 26 331] 40 54 | 61 49 
31] 7 oF | 16 34] 27 Is] 41 44 | 62 30 
32] 8 og | 17 ol | 27 551 42 30 | 63 'F 
331 8 19 | 17 27| 28 34 | 43 20 | 63 49 
3418 gif | $4][29 13]44,. og|[64 24 
251$ 4.4 | 1$ 20 | 29 FO | 44 49 | 64 58 
—_— A x 
3618 57 | 18 45 | 30 27| 45 31|65 30 
44þ4 10} 19 ©9 | 31 ©2 | 46 12 | 66 0 
3919 22 | Ig 34 | 31 371] 46 FO | 66 29 
W[9.- 24] 19 58 | 32 i1]47 28|[66 56 
40] 9 45 | 20 21 | 32 44 | 48 07 | 67 21 
4|\ 9 $7] 20 44[33 16148 _ 39|679 47 
42] 10 to] 21 O7 | 33 46 | 49 12 | 68 11 
43] 10 22|21 29|34 18]499 44|/68 33 
44] 10 |, 22 | 21 51 [.34 47 \50 10| 68 54 
4 


of SUN-DIALS. 

# TABLE of Horizomral' $haces (heving the Diſtance of each Hou line 
from the Meridian : wpon all Vertical or Horizontal Plains , as alſo wow 
Dirc& North or South Plains , whether Eret; Reclining 'or Jaclining' 
| Calculated to all Degrees of Latitude (viz. from o0 deg. 80: 29: 4.) ther 


4 


ts, from the EquinoQtial«p to either of the Poles. 


TT O— 
* 


ain. 


. # : p 
| 18 BETA 


ge cg 


g or Inclining Pt 


bs Reclintn 


=o 
& 
= 
2 
> 
& 
= 
= 
2 
Q 
Q 
F-2 
b... 
c 
—_ 
S 
5 
3 
'S 
-1 
k: 
E 
x 
i 
& 
WV 
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WV 
a 
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| 
The Deſcription , Conſtruion and Uſe of the following Table. 


He 7wb/e conſiſteth of Seven Columns, in the firſt is contaitied whole 
_Yegrees of Zaritude from 1 to go degrees : And may be called the Co- 
lumn of Latitudes, Co-Latitudes, or of the Sriles height of any Diet? Elorizhy- 
tal, North or South Plain, either Fre or Reclining. 

' In the other | Six Columns you have the Space or Diſtance that each hour 
hath from the Meridian, when- the Sile is any number of degrees to be ele 
vated above the Meridian or Subſtile, as are the others of Column Seventh. - 


The Tables Conftruftion. 


It is known that 15- degrees of the Zqu5noi#ial is equal to One hour of 
time, then 30 is equal to Two hours, 45 to Thee hours, &'c. And then 


As the Radizs or Signof go deg. 
Is to the Sine of the Zatifude, Co-Latitade or Stiles height 25 deg. 
So is the Zangent of 15. . | 
To the 7angents of 6 deg. 28 min. 
wi 4&4 wh wi an 
And ſo is the Tamgent of Zo o0. 45 Ob. 6&o oo. 75 oo. 
To the 7angent of 13 43. 22 25. 36 102. 57-34. 
And ſuch are the true hour diſtances for an Horizontal, Yertical, or any & 
ther Direl# Reclining Plain , where the height of the Pole or Srile is found 
; to be 25 deg. 


The Uſe of this Table. 


; It ſerves principally for the ready making of Horizontal Dial, for to be 
obſcurely deſcribed upon Declining or Delining-Reclining Plains, whereby the 
Furniture, (the Tropicks and Parallels of the 12 Signs and Diurnal Arches 1 
mean) is more eaſily inſerted upon ſuch Oblique Plains : As in the former 
Trattates is ſufficiently declared. ta 


— 


La SOX-DIALS. 


L 


WAY 6+ 3 | lentet rb: 


—_—cC 


A TAB LE 
Half and 
XI. 


Signs. 


ewinz what Mtitude the Sur ſhall have 
varter - of the Day , 4 bis Oy 


at every Har, 


ito every of the 


Calculated = the Latitude of Longon ; c 1 deg. TE min. 


Hours 
and 


Ouarters 


|S. 
| Cancer 


| 


F; irgo 


| 7 auri 


© Mt. 


"Zara 


| Aries"! { 


38, .2$ 


37 36 
$6 56 56 
36 o5 
35 v4] 
33 55 
32 36 
zr o$ 
29 34 
47 - 53 
26 ©5 
24 12 
33 15 
20 13 
18 08 
Is - 58 
13 46 
tt J2 
9 17 
6 58 


4 39 
2 20 


© 00 


| \—— 


© AMt:\- 


|D. M [ M-| 
F T- 


38 22 
38 0O1 


Fvorpio 7 
1M 


Piſces 


Alt. 


26 $2 


26. - 
25 _ 


24 $3] 


24 ol 
22 59 
2t 49 
20 31|2 
I9 06 
17 36 


Fm pom 


«3 37 
14 13 
t2 23 
Io. 30 
8 33 
6 31 
4 25 
2 16 
© Og 


26 44h 


T5 36 
I4 Ig 
13 736] 10 


t We: 


9-42 


3 1tf 
6: 34 
þ:@ JT] 
3.95, 
13] 


— — 
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Of the FURNITORE | 
The Delcription, Uſe, and Conſtruction of the falowng Table: 


, Its Deſcription. | 
He 7able alifterh of Eight Columns ; The firſt white contains al 
Hours, Halves arid Quarters , both before and afternoon ; Anda the 
ther Seven, are the degrees and minutes of ritude that the Su» hatHac h 
entrance into any of the 12 Le, as the 7itles at the head of each Co/, 
do import. . - .'',, - >). L946hifols) 
fe 4 Uſe. 
Suppoſe.1 would know: what Altitude the Sun ſhall have at. Ten of f th 


- Clock,) when he-enters into either of the Signs /irgo ny or Zuwr 


for Yirge os-T@urus (which you ſhall find in the fourth Column) at ws _ 
of the Table, and under them (and juſt put X. or Xl. a Clock (in the 
Column) you ſhall find -43 deg. 1 min. And ſuch Altitude will the Sun hays 
at Zen or 70 a Clock when! heeaters into 7awrss or Firgo, inthe Latitude of 
$51 deg. Spankin. — In like)minner you has fitud that | 


81 dejs oo | »E] dep. min) 
When the adiy'on ITEC his Alti- (XI. willbeC59 4a 
Sun enters gas or Gemini: Je at VIIL or i, found 36 I4 
into , + | CSaguttarize ON Aquar ins moe (Xe. +; 11) tobe 136 


- And Fes any other ww half and ypartex of the oy ' _ at a 

entrant ay any;othgr of. the ds | 4 £ 
o+, 77% or Confteatiin. azo Wil 1x 

I. if on be in the #quinettial, that 3s, 'athis entrance into Aries A 
Libre =, and ſo have no Declination, the Sun's Altitude' at any hour may 
found by |One Single Propprtion, —— So the Sun being inthe Zquinottiat, a 
his Altithde at VIII. in the Morning or IV. in the Afternoon were required in 
the Zarirude of 51 deg. 32 min, The OO to find the ſame is 7 


As the Sine of 90. , 10. 0000009 
Is to the Co-fine of the Laeitude 38 dep. : F min. | 9. 7941496 
S'is the Cofſine of the hour from Noon 30 deg. __  9:6989789 
To the Sine of 18 deg..$ min. T9. 4931196 


Whioh i is the Sun's Mtitude at Four or Eight of the Clock;, -when the Sun is in 
the beginning of Aries Y or Libre =, in the Zatitude of - 51 deg. 32 min. 
This 1s the ortion to find the Altitude ar all Hours, when the Sun is in the 

EquinoZial, and hath no Declination ; But when the Sup hath either Vorth or 

South Declination from the Equinoctial , then there muſt be Two Operations 

to find the Mlritude atall hours, exceptat Vha Clock, and at that hour 

will ſerve the turn. 
Example , In the Zatitude of 51 deg. 35 min: Let it be required to kad 
the Sun's Mtitude at Six a Clock when he enters into 7awrws or #5 irgo, (his 

Declination then being 11 deg. 31 min,) The Proportion js, ” 


As the Radius (or Sizeaf $0 deg.) | I0. 0000000) 
Is to the Sine of the Sun's Declination, 11 deg. 3x. min. - Fo. 3062758 
So 15 the Sine of the Zatitude 51 deg. 32 min. WL 8937453 
To the Sineof 9deg, xg. 1940280 
W hick is -# Sun's Mtitsde at Six a Clock. | 


- For the Meitade of all other hours between Xl and VI. (as ar TV or VIILTS 
Cock) Two Proportions muſt be uſed ; "+ 
(1.) 


Rn 4 21 CO  RT_—_r_ C_——y —__— Tree WI” NT” OT ERIE 


Of SONDIALS.. 


(1: ) As the Co-ſme of the hour from the Meridian 30 deg. | 9. 6989500 ; 
To the Radixs (or Sine of go deg.) "6. 500mm 
So isthie Tagen of the Laticaile 51 deg. 32 min; 7, 2. 2%:0p9913 
To the Tangent of a Fourth Arkg 68 deg. 30 min. "17 ... 10» 400743 
= WET « min, | 1433 
e Fourth Arch is 63 20 from which the Sun havi 
North Declination, Subſtraſt 11 11 31 and there onlnlns ugh 16 "Or a 
.56 , 46 56 , 46 for a Fifth Arch, © Then, Fig 
(2.) As the Sine of the Fourth Arch 68 deg.20 nth "Ws, "0: 968 1781 
To the Ce-ſwe of the Fifth Arch 31 deg. 11 min. - 
So is the Sine of the Latitudt 51 deg. 32 min; bs: 
| 19. 6319864 
To thi Sine of 27 deg. 28 niln "9. $3198e 


And ſuch Altitude ſhall the Sun have at Eight in the MINS, or Four in the Afternoon, 
when he enters into Taurus & or Virgo ne- 
When the Sunis.in the Southern Signs, as Libra 5 -, ' Fcorpio m Sapittarim T Capricorn, 
" Aquarizs = of Pijees X, and bath South Declinarias : ——- As ſuppoſe at X. or Il. a Clock 


the Sun being in the beginning of LSrrerins > or Ajuariu, (he —_ theft 20 deg, 


: 43 min. of Sagth Declination:.) | Say, 
(1,) As the Co-ſme of the hour from the Meridian 66 deg. | 9.0378506 
To the Zaghe (or Sine of go deg.) 10. ©000000 
So is the Tangent of the Latitulle 51 deg. 32 min. 10. Ogg9gl35 
Tothe Tangent of the Fourth Arch 5 5 deg. 27 min. 10. 1620629 

deg. min. 


This Fourth Arch being $55 27 td it (the Sun's Declination being Sourb) muſt be 
added 20 13 
And theSum will bb . 75 40 fora Fifib Arch. Th:n-Say, 


(2.) As the Sine of the Fourth Arch 55 deg. 27 min. | _ 9:9157330 
To the Co-ſare of the Fifth Arch 14 deg.;20 min. 9. 3936852 
Soisthe Sine of the Latitude 5 1 deg. 32 min. - vo: 8037452 

19. 2874306 


And ſuch Altitude (hall the Sun hare at Ten i in the Forendon or Twi inthe Afternoon, 
when the Sun is in the beginning of Segictarixs or Aquarius, and having 20deg. 13 min. 
of South Declination : 

For finding of the Sun's Alticude at any hour before Six in the Morning, or after Six 
at Night, the ſame Pr per foregoing will ſerye; Only note That when 
the Fourth Arch is fond, and the Declination of the Sun addedto it (as it muſt 
always. be,) do exceed 96 deg. you muſt take the Complement thereof to 180 
deg. - your Fifth Arc 

Sothe Declination being 20 deg. 14 mig: North, Andthe Alicude at V.inthe Morning or 

VII at Night, were rp ,the Alieude will be found to be 6 deg; 52 min, For, 


(1) As the Co-fine of the from the Meridien 15 deg- + ts 4729962 
To the Radias go deg: 10. 0000008 
So is the Tangent of the Latitude 1 deg. 32 min, 10. 09991750 
To Tugnn er the Nap a hed v6 Gay, 34 min. ! 10. 6869173 
4+ Mit; OIL ac, 
The Fourth Arch being 73 5 ” 2 s 
Towhich add the Sun's Deolingtion nwo 13 © 


The Sum is 98 3$ : 5! 3-1 E 1 
W hoſe Complement to 180 deg. is fr 25 is | Fifth Arch. Then, 


(t.) As the Sine of the Fourth Arch 78 deg. 22 min; ; 9. 9gegfyg 
To the Co-ſne of the Fifth Arch 8 deg, 3 5 min. BH 25 ne I. 

Lois the roy. pred pip deg, 33 min, + IQ des 9+ Gy3745% 
<7 oh 3g, 0676529 

wk Tothe Tangent of 6 deg. 52 min, $» C7 665P> 


Which is the Sun's Allee V in the Mormung, or Vin he Beni — 
Ut u A Table 


Of the FURNITURE 


4 TABLE ſhewing what Azimuth from the South,the Sum- ſhall have 
at every Hour, Half and Quarter of the Day , at his Entrance into 
every of the XII. Signs. 


Calculated for the Latitude of London , 51 deg. 32 min, 


| S | | Libra | Scorpio | 
Cancer PM: « 
| S im Aries | Piſces 
| . 1 . j. | © Act. 
1D. M. 
oO Oo 
1] 3 $54 
- FS |; 
Sz I 
$0.22 
20 15 
24 ©6 
29 44 
| > WO 
35 35 
39 10 
42 36 
465 02 
49 25 
$2. 43 
55_59[51_23 


59, OO 
62 08 


gi _O9| 87 50| 
94.15} 91.34 
95 51 | 94 25 
99 38 | 97 16 
102 55 '100 O7 
log o8 | 102 54 
107 52 |104 58| 
110 36 |108 26 
113 18 [110 14 
116 03 [114 03 
113'50 [116 "54 
I2I 41 [ils 47 
124 29 [122 37 
127 24 


4 
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Of SUN-DITALS: 
The Deſcription, Uſe, and Conſtruction of the foregoing Table, 


I. Tts Deſcription, 
His 7able (as that foregoing) conſiſteth of Fight Columns ; The Firſt 
contains all the Hours, Halves and Quarters before and afternoon : 
And in the other are the Degrees ahd Minutes of the Sun's Azimerh from 
the South at the Sun's entrance into every of the 12 Signs, as the Titles at 
the topthereof do ſignihe. 


II. Tt Uſe. 


| If you would know what feimah, fromthe South, the Sun ſhall have at 
IX. or I[E of the Clock, when the Sun emers into##go m ar Tawmu & —— 
Look for ”irgoand 7 aww at the head of the 7able, and under it (againſt IX. 
and IIL a Clock) in the Firſt Column, you ſhall find 58 deg. 47 min. And ſuch 
Azimuth ſball the Sun have from the South part of the Meridian, So like- 


wilc ]. 
| Cancer, XN I SO 51 
Wren the Sun YLeoor Gemini, (h* 4 . —— m{vllbeGe 7s 
enters into YScorpio or Piſces, © ———— CY; © hh 74 Io 
_ CTaurts Of Firgo, " CXI. FP hes on. 223 


TEL. Is Conflruftion. | | 


IfFit wete required to find what Azimuth rhe Sur ſhall have from the 
South part of the Meridian , at VII. or IY. of the Clock, at the Sun's en: 
trance . into Zeo or Gemini (he having then 20 iy: 5. min. of North Decli- 
nation) —— You mult (by the foregoing 7able) firid what Mritude the Sun 
oper "Fd hath,which will be 34 deg. 14 min. which known, the Propor- 
(108 W 


Asthe Gone of the Altitade 5 5 deg, 46'tnin. LETT 99173760 
' To the Sive of the hour fromthe Meridian 6o deg. 9. 9375316 
So the Co-ſine of the Declination 69 deg; 47 thin. _ ... 9: 9723845 
Tothe Size of 7ydef, 30 miti.. | 19. gogg16t 
[ FT. 45 9. 9926501 


| And ſuch is the Sun's 4cimerh froni the South part of the, Meridien. 


$4 > A 0 
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A TABLE of the Sun's Altitude at all Hours of the Day, «thi 
Sun's Entrance into any of the XII. Signs , and at every Tenth De- 
gree thereof. 


Calculated for the Latitude of 50 dey. viz. 


-— 


Beforenoon x. 1d" VV 
Hurd 3 I 1. m4 . vil 

Moms 4.1. 4 - VII 

\D. M.JD. M.|D. M.]D. M.|D. 

hs 154 39j46 1336 522 
39154 2045 5 
22... 032 3053 24445__5 
57 $4151 $2 
55 - 34149 43 
$2 46þ47 i4 
49 33144 16 
46 © 8 
Ys $8]37, 
33. 23 
34 30 
30 43126 34/20 I5 
27 8 


þ 


— "ON ts 
" Þ 


20 F3j117 15 


23 9.17 2 
23: 59/0 014.5 


WK. 


i8.,34/14 59 
16. 48113 - 17 
IS 42/12 14 


15, igltn $2 


g 21] 
7 :45];v. 
6 46 


'6 25 


A 


—  — 


A TABLE of the Sun's Azimuth -for every. Hour inthe. 
of each Sign, for the Latitude of 5o Degrees, ., , .. 


, 
* 


= 


| 


34 20 
3223 
49 30 
$937 2723 Flij11 36 


18 45 
" 


483 43 
$6.47 
45192 349 


—_— ww. 


A TABLE 


Of. ST) N-D LALS$ \? 


gree thereof, 


4 "TABLE of the Sun's Alticude: at aff Hod#s of. the Day,” @t the 
"Sun's Engrance into any of the XII. Signs , and at every Tenth De- 


£38 Calculated; for the Latitude of $2 dey. 


21 


— DI 
"HE 
1212 2613__$ 


TE: 


14 3013 21 


A TABLE of the Sun's Azimuth for every Hour in the beginning 
of each Sign, for the Latirude of 52 Degrees. _ 


Of te FURNITURE 


> 


— 


A TABLE of the Sun's Alricude at all Hours of the Day, 4 the 
Sun's Entrance into any of the XII. Signs , and at every Tenth De. 
ere thereof. 


Calculated for the Latitude of 5 2 deg. 3.0 min. 


Be 
_ 1 "UE xy, [Xl |x. . Iv. vi 


Afternoon 


58 $953 
58 3052 49]45 
$7 2651 5 


$5 41 
$3 22 
52 32 


"age 
21143 42 
_— 54 


— 


32036 1 
32,32 & 
39 28 IC 


25 59124 4'f 
22 30/21 24 
11974 18 20j 


. F % | 


17 1916 al 
Is 28j14 20 
14 21113 14 


| 
4 012 53 


=— 


A TABLE 
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Y ? 


AT ABLE of the Sun's Alticude at all Hours of. the, Da .. it the 
Sun's Entrance into any of the XII, Signs, and at every, Tenth, De- 
gree thereof. 3: - "wy 


CC 


Calculated for the Latitude of 5 4, deg. 


Beforen —_——— — 
rr] my x1, [x | iX. vil 


Afternoon © 
S.D.Þ. D, 0. MJD:-M M.;D. 
{ | 


18 4319-234 4 1 


I 7127 3 
+4 2335 $9[27 12118 z6'i0 


0 \ b3 
ELRE: +3 2913 26 2017 3494 9) 18 I. 43 
33” 42]24 57,16 If 7) 
5 


4 45 | | 
10] 29] [12 33j11 48 42) 3 al | [2 bY 50 
vp o| 12 3011 27 8 19] 3 23| | | | 


_ im. 4 I—_— —W 


A TABLE, of the Sun's Azimuth for every Hour in the beginning 
of each Sign, for the Latitude of 5 4 Degrees. 


— 


xt. kx x jvm. PE] wr [v:..* i 


"0.1 mL Iv] © V: 
"M-D. MID. MID MD. MD. MD M. 
(—— —_— —y_—  _—__——— 

42 91 9 47 


S | 2 N4214: 19/25.-4137 48 
I 6/26 44/12 170 > | 4/127 10123 4639 37 
vo I7]32 3 18 1415 $206 N4g|15 47, - 

= 20/38 q8[25 | 2/12 14 | 
m X 238 2:131 1 1 | 
FF m7 23/48 ' 6 | 

w | | | 


2349 29 


4 TABLE 
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Mt. IM. 


A RE 


A TABLE ſhrewing what Altitude the Sw ſhalt have at tvery| 
| Hour of the Day, when be # in the Tropick of Cancer, the E- 
quinoctial and Tropick of Capricorn : | 


(alculated from 16 to 66 — deg. of Latitude. 


A— 


Beforenoon | | 
Hare! | xn. |* 7; hank 2 BR Ye Nh I 
Afternoon 0 II, HL VIIL I \'M , 
D. M.|D. M.|D. M.|D. M.| D. M.|D. M. [D.'M 
3 77 30]72 of81: 16| 49 22] 37 t5|25 74 hn 
364 Y = 54 oF 24] 44 bo | 34 54] 23 '52 12 ; & 'S 
Vp zo 30|:3 <5o| 24 5416 52] 7 57 
| S 76 39|71 20] 60 457149. 17] 37 12 25 26 I 62 
374 Y = $3. 0150 Ig] 43 4 bo 23 | 23 32 tz. 56 pF 
Vv 29 30[27 $52]23 13 | 16 ; 7- mY ' 
I 75 39]70 39160 37]49 9g|z37 22 |2x5 8 
334 Y -i= 52 o[49 34143 2133 52|23 12| je 7 
Vp 28 30|26 $54]22 21|15-. 24| 6 39 | 
SS 74 30169 $57] 60 15] 4g 2x 24 | 2 
Ik = St O148 391] 42 18] 33 20 by 2 + "5 =... 
Vp 27 39]25 $7|2t 29114 39] 6 3 | 
9 73 30159 12|59 $1148 51]37 2925 59 1 
W wv ” jo ©0147 44]41 34[32 48[22 31|n 26 2 
V Ls 26 39124 50|20 37|14, 55| 5 27 
S I 7% 39168 a7] 59 261]48 gi] 3; 25 | 26 9g 
a LEE 49 0146 471 402 49|32 15|22 ton 16 - Bl... 
= Vp 25 _30[24 119 45|13 10| 4 g1 
S 7: 30[6 41] 58 59| 48 29 5 | 
2  &E 26 - - 
=> q2<4 Y, = 48 ol4gs $521] 40 Ab 42 or as It 's 4 Wes 
© Ka 24 30|23 3] 18 ob 45] 4 14 | 
70 30166 $541] 58 z31[ 48 16 '24 | 26 | 
8 43\Y = 47 ol[44 5s; | 39 18] 38 $8 + -s. 10 -- lh... 
= Vp 23 30122 <o{18 ojfrr 49} 3 38 
9 69 301/66 558 2148 2 22 | 26 
> SS. 48 of44q 14,33 32|30 34 = 3 | 10 c 2208. 
"Vp a2 30fjai #54 2 12> ©& [28 ay” 
 S 68 30 65 7 $7 31147 46 10 | 25 
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1 


93105 


93041 


925 


92321 
92283 


| 92186 


92118 


92050 


1 919 


91913 


[.91344 


91773 


91706 


1.91636 


91566 


942g 


91354 
—— 


Sine 


92077 
92913! 
92848. 
92783 


92718 
| P2652 
$7 


92520 | 
92454 


923387 


| 


| 


1 


' 


| 


[> 


q . 


4 2« 58156 


| 2« 56486 


h 
91495] 


2. 74747 
2. 13262 
2. 71792 
2. 70335 
2. 68891 


 — — —_— 


2. 67462 
2. 66045 
2. 6.4642 


24 63251 
2. 61874 


2. 60508 


2. $7815 


2. 55169 


2« F 3864 
2, $2371 
2. 51288 
2. FOOL7 
2. 43737 


2. 47508 
2. 46272 


m_— 


2.92330 
2. cog8g 
2. 89604 
2K. 88237 
2. $6884 


28554 
2. 84218 
2. 82505 
z. $1605 
2. 80317 


———— 


2. 79042 
2. 77789 
2. 76529 
2.75290 
2. 74065 


GO —————————_— 


2.72850 
2..71647 
2+ 70455 
2. 69274 
2- 68105 


2. 66946 
2. 65798 
2.64661 
2. £2538 
2. 6241 

2+61312 
2.60216 
2. 59130 


2. 58054. 
2, 569837, 


2. 55980 
2. raph 
2.538344 
a $2615; 
2. $1795 
2 50784 
2. 49782 
2.48788 
2: 47803 
2+ 46827, 


2. 45b59| 
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24 


— _- 


O 


| D. Af | Sine 


Tenge. | 


40673 
40333 
40992 
41151 


41469 
41628 
41786 


41945 
42103 


42261 
42419 
42577 
42735 
42393 


43051 
43208 
43365 
43523 


43837 
43993 
44150 
44307 
4446 3 


44619 
44775 
44937, 
45087 


—_ 
43 

45864, 
46019 


46 174 
46329 
_ 


pra 


43680 


45243 


OO ————_—— 


' 45399 


2 


0 | 46947] $3170 


| 


| 


| 


44522 
44732 
44941 
4+515k 


41310 | 45362 


45572 
457833 
45994 
46206 
46418 


46630 


46843 


47056 
47269 
47483 


47697 
47911 
48126 
48341 
£7 
43773 
43989 
49206 
49423 
49640 | 


49858 
0076. 
59294 


$0513 
$0732 


$0952 


$1172 


$1393 
$1613 
$1835 


52056 
$227$ 
52501 
$2724 


$2947 
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l- 09463 
l» 69548 
I« 09634 
I. 09720 
I. og807 


. 09894 
. 09982 
. 10070 


- IOIgF9 
. 19248 


my 4 oy 


« 10337 
» 104.27 
. 10518 
- 10609 
« I0700 


my Wh WW md wt 


I. 10792 
1- 1088 

I. ju 
I. 11071 
1. 11165 


—r_— — — 


I. 11260 | 
I. Ii355 
I, 1 I45O 
I. 11643 


I. 11740 
1. 11837 
1.11935 
L. 12034 
I. 12133 | 


I. 12232 
I. 12332 
1.12433 
I. 12534 
I 


:112636 


. 12738 
. 12840 
»- 12944 
- 13047 
«13152 


hd ww = vt m7 


1.13257 


A C'ANON of Natwal Sine, Tangent and Setants. 
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A8861 
88781 |; 


— 
pranlof0 


2- 03930 
| 2-04128 
2.03126. 


2.02334 
2.01445 } 


+ cophe! 


L. 414 


| L. 971130 | 


1 1-p6261; 
| 2-29517 


| 


| ; 2436620 


42681435 
84. |'2-30595 


—_ 


2.45339 
244897 
2-3 3948 
2.4 3004. 
2.42069 


241142 
2.40222 | 
2.39310 
2.38406 
, $+37509 


2435738 
2.34863 
2-33995 | 
2+33135 


232282 | 


2290762 
2.28936 


| 


k. $7966 { 


4 


L pg41 
L. 94375 1 
L- P3746; 
: k p&9197 
pr > py 3 nv 


pe 


{ 214414 
| 2.44797 
y ——_— 
2430084 


4 — 


2.28127 | 
2.27304 
2.26497 
2.25697 


2.24903 


224115 
j 2623334 
2.22559 
2 21789 


— 


2.20268 + 


2.18771 
2.16031 
2.17296 


oy pooge 
2] as 
249126 


Secant 


2.21026 | 


; 
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| D. M. 


a | Secant 


« 13257 
+ 13362 
« 13468 


«13574 
«13681 


1.13789 
1.13897 
I. 14006 
I.14115 
I. 14225 


1. 14335 
1. 14446 
1. 14557 
I. 14669 
I. 14782 


I. 14895 
1.15009 
Is 15123 
1. 15238 
I. 15353 


. 15470 
. 15586 
- 15703 
. 15821 
» 15940 


I; 16059 
1.16178 
1.16299 
I. 16419 


f. 16663 
1. 16785 
1. 16909 
T» 17033 
I. 17157 


— 
1.17282 
F. 19428 
1.17534 


$.17661 
1.19789 


1. 17917 


I. 16541 


| 88294 


88212 
88130 
880.47 


—_ — 


1. 88072 
1, $5233 
I, $6459 
le 85720 
1. 84946 


I. 34177 
1.33412 
I. 82653 
1. 81899 
l. $1149 


| 1» $0404 
I. 7966 
I. 7392 
1. 58195 
1. 77471 


1. 76749 
I. 76031 
1.75318 
I. 74609 
I. 73905 


* 73205 
* 72509 
- 71817 


«79445 


I. 69766 
1. 6909Q 


S9-17T71 


1,67751 


I. 66427 


I: 65771 
r. 65119 
I. 64471 


| 1. 63326 


t. 63185 


t. 61913 
1- 6128g 


- 71129 


I. 67087 


1. 62547. 


— 


2. 1300 

2, 136d 
2+ 11617 
2, 10931 
2. 10250 


2. 095 73 
2. 08902 
2. o8 236 
2. 07574 
2. 06918 


— 


2. 06266 
2 05619 
*-.045/76 
2.04339 
*:03705 


2. 03077 
2. 02452 
2, 01833 
2+ 01217 
2+ 03606 


— —  — 


2. 20000 
I, 99397 
1. 93799 
I. 98205 
1.97015 


1. 97029 
1. 95296 
I, 94726 


I. 94160, 
1.93598 
1. 93040; 
1. 92485; 
I. 91935: 


1.81388 
lt. 90844 | 


I. 00305 
1 $9769 
l, 09230, 


| 1. 88707 
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53578 | 72554 


Secant | 


1. 17919 
14k 

1.113176 
11193 06 


1. 21195 


L, 21340 
1,2 

t. 21980 
I. 21928 


1. 21077 |* 


I. 22227 


1: 223 
y 2252 
t. 22680 


1. 21832 


5927 t. 22985 


t. 23140 
1. 23294 


$9 | 1. 23450 | 


1. 23606 


Ic 80230 


| 3» 79293 


| 1s 73329 
1 1+,78367 


$ 1.75660 | 


= 


= 


| 1-71367 


ol... 


1- $118! 


1: 79760 


| 


l« 77909 
I. 77454 
I. 77001 


rr m—_mnm— — 


1.76551 
I. 76104 


le. 735219 
1+ 74750 


| — 


1.74344 


————— 


I-73 

1. 73053 
Ts 172627 
1.72205 
udeby 


1s, 793 $3 


41 3+ 70540 
| 1.99149 
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- bangs + = - - 


1. 23608 
1 1: 23763 
14 23921 
I. 24080 
1« 24239 | 


| — — 


I. 24400 
I-24361 
1- 24723 
1.24885 
1.25049 


—  ——  — 


1; 25213” 
1.25378 
| 223544 
| 1-25911 


- 30322 | I. 
I, 26047 | ' 4 FN 3' g - 
1.26216 i ©» ts A» | 
.1. 26386 


944d 
1. 26729 
FS IR 


1. 26901 | 
1- 27075 
42+ 29249 
Ts 27424 
'T. 27600 


62241} yjordq | 1+ 27777 
62387 | I. 279.55 
62524 |} 1. 20134 
62660 I. 28314 
62796: 11. 24494 
| SONGS L108 Tags WR PIER 
6 2 n 28675 4: 
2992 T3 
63067 | 81: x: 28858 _ 34 | 77694] 1-23 
6323021 814 7; 2904 1 - 49 | $.\+ 22012, 
63338. 1.29225 | | 42] 77384] 1. 234176 
63473) z1 3 29410 ' 30 ] 77273 {1+ 21741 


m—_— _ 


: 


11: 29596 Foy ; 1:3 21.309 
729 1 29733 | | ! 7: O64 . 4. 20979 
211 2097! \ 19] 76939] 4+ $2: 
|'1. 30160 Bgs |-1. 29023 
|'1. 30350 >, $1 76716] 1 39598; 


1. 30540 }7 623Yq. 4. 19175, 


—_—_— =] —— 
k:1 Tangent 


} TANON of Naitral Siner, Tamgents and Scents, 


|D. M. Sine | ap, | Sec ant ; 
40 0©| 64278 $3909 | 1 30540 | 50 © 
6 | 64412 | 84207 | 1. 30732 34 
12 04545 84 $ POFSy 4s 
18 | 64678 | 84806 | 1+ 31118 42 
24 | 64811 | 85106 | t- 1313 | 36 
30 | 64944 | 35408 | 1. 31508 30 
36 | 65077 | 95710 | 1- 31705 | © +1.0S 
42 | 65209 | $6013 | 1. 31992 18 
48 65342 86317 I. 321I0T I2 
54 | 65474 | 86622 | 1. 32300 6 
DE OY CY 
43 ©| 65605 [86928 | 1, 32501 49 © 
« 65797 87235 | 1. 32702 5 
12 | 65 $7543 I, 32905 4 
18 | 66000 | 37852 | 1. 33108 42 
24 | 66131 88161 | 1. 33313 36 
30 | 66262 _ I. 33519 30 
36 | 66392 | $5784 | 1. 33725 ” 
42 | 66523 | 89996 | 1. 33933 _ 
48 | 66653 | $9410 | 1. 34142 ee 
54 | 66783 | 89724 | 1. 34352 | 4 
ERS hs | 
42 © | 66913 | 99949 | 1.34563 48 © 
6 | 67042 | 99356 | 1. 34775 54 
12 | 67172 | 99674 | 1. 349 48 
18 | 67301 | 90993 | 1, 35202 42 
24 | 67430 | $1312] 1. 35417 36 
30 | 67559 91633 | 1. 35634 -4p 
36 | 67687 | 91954 | 1. 35851 = 
42 | 67835 | 92277 | 1. 36070 | 1 
43 | 67944 | 92601 | 1. 36289 bs 
54 | 68072 | 9392g | 1, 36510 6 
43 © | 68199 | 93251 | 1. 36732 97 
6 | 68327 9357S | x. 369 5 5 
2 93906 | 1. 37180 4 
8 I- 37405 ” 
1. 37632 s 
1. 37859 | =_ 
rods . 
Io 33318] 1 
ev = 12 
1. 38782 6 
DE ———— | 46 's] 
bt 39016 | [ann 


76040 | 1. 17084, 


1. 18753 
1. 1$334 
I. 17915 
1.17499 


1.16672 
I. 16200 
I, 15851 
1+ 15443 


I. 45036 
I. 14632 
1. 14229 
1.13827 
I. 13427 


I. 13029 
1, 12632 
I. 12237 
1. 11843 
i. 11451 


Is 1 1061 
I. 10672 | 
1. 10284 
1, og8g8 
t. 09513] 


1. ©9130 


1. 08749 
1. 08368 


1. 07990 
1.07612 


1.07236 
1.06862 
1: 06439 
1.06117 
I. 05747 


— —  — 


1.05378 
1. OF010 
1. 04644 
1. 04279 
1. 03915 
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| 1. 55592 
1» $5249 | 
I. $4928 
I. 54609 
1. 54292 


I. 53976 
I, $3063 
1. $3351 
I- $3040 
1- 52732 


1. $2425 
I, $2120 
Ir. 51816 
I. FIF14 
I. 51214 


I. 50916 
I» zOG1g 
I, $0323 
1. $003 
1+ 4973 


I. 49447 
1.49155 
I. 48871 
I. 48535 
1.48301 


1. 43018 


1.47737 
I. 47457 
1.47179 
1. 46903 | 


1. 46627 
I. 46354 
1. 460951 
1. 45811 
1+45541 
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I. 45273 
1. 45007 | 
1. 44742 
1, 44478 
Is 44216 
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I. 43955 
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\ Secant 
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| D. 2 | 


4 © 


42 | 


Sine | Tang. 
69465 | 96568 
bo5yl | 96906 
63716 | 97245 
69841 | g7595 + 
69966 | 97927 
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70215 | g$3613 
70339 | 98958 
79463 | 199304 
70587 | gg651 
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| 1.-40686 


Secant 


. n—_—_ 


4 CANON of Nati#d.Sints; Tinigents avd'Steatb. 


1. 39016 
1. 39251 
1. 39487 
I. 39724 
I. 39963 


1.-49203 
1. 40444 


1. 40930 
1.41175 


[5 © 


1. 41421 
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L ©3553 


| ©3191, . * 
1.02832] 1. 


17: $2473 |; | 
|'1- 02116, 


1. 01760 


I. 01406 | 4+ 
1+ 01052 


I- 00709 
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I. 00349 | 1; 
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Tranſlated from a Latine Manuſcript written , Amo 1 640. By 
Samuel Dy ſometime Profeflor of Aſtronomy in Greſham 
Colledge, LOND 0 N; 


” Ul thn 


The Sevens, TRACTATE 


TY 


 N all the Six Schemes ——N ES W repreſents the Horizon, +—-N PS 
-, the Mcridian———T R-Lthe Plain———-Pthe Pole of. the World +— 
7, the Pole of the Horizon-+-— O the. Pole: of the Plain —+D N or 
DS, the Declination of the Plain, which two Arks are Complements 
of each other, and unto whith, the Angles PZ O or OZ S are Equal. 
The Horizontal Line of the Plamn is T'Z L——The Vertical Lige V Z——- 
TEAR ILPEETY the Horizon, istho Arch C; [to which OZ is 
equa enlf19i100 

"That the Axis and Hoor-lines may be duly foated, we muſt of neceſſity 
lolve the Spherical Triangle P ZO ,-in whichthere are given, (1.) P Z, the 
ement of the Lati (24) LQ©; thee Indindtion of the Plain to the Ho- 

rizon. (3.) The Angle P Z Ozthe Dedinarion ofthe Plain from the Nanth. 

Therefore, ur is evident, by theFourth Axiom; 

Firſt, The Baſe Þ ©, whole excelsabove a Quadrant in the 1IL Scheme , is 
the Complement to a Quadrant in the ether Schemes ; And therefore Þ R 15 


the Elevation of the Pole above the Plain. 
TL tz Secondly; 


190 SCIOGRAPHY. 
Secondly, By the Third Axiom. Gs 
As the Sin. of the Arch, befoxe found, OP 
Is to the Sine of the Declination PZO,or OZS, 
So is the Sine of the _— of the Plain 8 -= Gorton OZ, 
To the Siaz of Of Z. Ihe catterenee of Loogitude between the Meri. 
* and ah NE adit Martin che Bate 54 " 


Thirdly, By the Third Axiom. 
As the Sine of the Arch OP,  * = 
Is tothe Sine of the Declination Z O, ox QZS; _ ne 
$o is the Sine of Þ Z, th& Complement of the Latitude of the Phce, +: 
To the Sine of the Arqyle P OZ, or RV. SEE Y 3 2 
W hich is the diſtance of the Subſtile and Meridian. 


C fo find the $@ſtile, and ts place the AX. uptn it, 


The Subſtile is diſtant from the Vertical Line of the Plain , by the quantity 
of the ArchR V, and towards the fame Coaſt , as your by the Scheme. 
The Stile ſtanding perpendicular upon this repreſents the Axis of the World ; 
and therefore looks rowards the Elevated Pole, making an Angle with the 
Subſtile equal to the Arch PR. © 


C To find the Diſtances of the Hour-Lines from the Subſtile, - 


The Hqur-lines are placed from the Subſtile, in the fame Order which they 
keep in the Schemes; their Angles being found out by tis Proportion. *' 


As Radius. | 
To the Sine Elevation of the Pole above the Plain PR. 4 
So are the Fangents of the Angles RP12, RP1, RPa,RP3, RP4, 
RP5.RP6, &#: ——RP11,RPio,RPg.RP8,RP7, RPs, G&:. 
To the Tanganes of the Arches upon the Plain, R12,R1, &c. R x1, 
IO, CFC. | 20 


From the Meafires of - theſe Arks , let there be Angles deſcribed uv 
Plat and if.youdraw freight Lines fromthe Ceatre through thoſe - 
eT'O 


which is caſily 
Moreover 


nent of the Plain's! Difference of, 

in any Caſe whatſoever, when the, Ao 
to the AnglesR P12, RP 1,0. 
the laft place, becauſe they are more 


$SEIOGRAPHY. 


How to kubw wider On; any Plan falls. 


As Radius, | 
Is to the Co-ſine of "Y Plain” Doctilaiics) 
So is the Tangent of the Plain S Incination to dhe Horizon: 
To a Fourth Tangent : 
In North loclneps N ms, 


Jn South | 
In both which; FL naman 
 Parlbſlalleduh Rte It, 


Pole NP. 


" A Greater har Schee Jo... 
** TEqual che P! jo Metall, 


Jo ' 


" Abd in thieſe ; Y.F'o 
: If the ſaid Fourth Arch $ » ante 
. S &, or Equal to it, the Plain will agree with Scheme IV——Butif ff 
; with Scheme V. 
. Let Ereft Plains be pEoddy Scheme L where, If the Declination be 
go deg. the Plain Reds 
Fog Dire& ladligert bedding 6h * 'Faft of Weſt, the VI Schenic will 
ſerve. ———But the tnclinationtothe Horizon is go deg; the Plairi ſhall 
be N Z S Meridional. 
} I —— 
Hitherto nd the Deſctiption of Hours, 

| Mn UERNTL wer .. «ANI 
| CERTAIN PRECEDTS, 
Ll A od iviisris4Þ Sil; it 3 

A a Oy ne 11979 to th 00M onoiad fr Ns 3 
? 1 Ir N 918 41.4 »t"Þ 8 RI ol: it 114 1127i3 ,7 
| 211 0: Vo TUO N 1 q 8.9 R-1 ke, JTIRICT 9cf3 0 FO [ 


'3 10 g2nsft " 2112 21 : cid P fone arodbr oy yg buuul s n AQ 


| 5 if. 
Sits S152. .0X927 17s © 


SCIO0G-R APHY. 


To find the Diſtances of the Verticals of their Plains "aaa the Verti 
"ON the AO: «fd 3o rio of 


He Verticals of the Plain is V Z or D c, 
The Verticals of the Horizon are Z Q, Z F, ZGand Z H, "Y 

-. The ng: of the. Arch ſought of the Diltances' in Plain are VY, V1, 
V K, VM, &c 

But becauſe the Declination of the Plain SD or N : and | the Horizon. 
tal Diſtances of the Verticals NQ,NF, NG, NH, &+, fr 9in.N are 
the Diſtances alſo or Sums of the ſane (according ey lags 3 
be made known : Namely the Arches CQ,CF, wE. G; GLLFET! 

And becauſe 7 V is the Complement of the Indlination of the Plain v to the 
Horizgn ;; therefore NS 


As 7 CRadius 
To Sine of Z'V. 

So the Tangents of the Arches C Q,CF,CG, CH, de. "age 
To the Tengenes of the ſought Arches V Y, VLVKVM, " Re xe 

in FRO Plains, which paſs through the Vertex of the place, thoſe Arche 
vani 


_— 


P-R O. B{ L. IL; 


The Declination of the Parallel fromthe Pi, we bemg given , to find it 
Pihonce ob the Ve erlex of the Plain, to "OR """W.1 


or Fourth before Nooa, angpct 


L then in che Triangle O P i 
the je 
with 
the An ples OPZ the h 
BaſeO A be by the EET the Diſtance of the 
Point A _ O the Vertex hex the Plain. 


hr. —eL Bo © opeonmeres 
4 E.G $0iN- D 1..X 
pi. wofrago (ef afford Dial 


As the Sine of the Side O A 
To the Sine of 'the oppoſite Angle OP A. 


"W977 IS — H@Þ7F CT 


SECIOGRAPHY. 


So (by Axiom 3) is the Sine of the Side P A 
To the Sine of the oppoſite Angle P O A. 


Which is the Latitude ,' betweenthe Vertical of the Plain O A, and the 
Subſtilar O P, | 


| SP VY © ey 2 qe 


To find the Diſtance of any Circle Parallel to the Horizon from the Vertex 
of the Plam, to any Vertical Circle, 


Et the Parallel or Almicanter paſſing through the Point X be the Verti- 
cal of the Circle Z F, and let the Diſtance of the Point X be ſought, 
trom O the Vertex of the Plain. 

Then ler the Arch of a great Circle OX be deſcribed, ſo as to make the 
Triangle OZ X, in which, from the given Sides O Z (equal to the Inclination 
VC) and Z X (the Complement of the Diſtance of the Parallel X , from the 
Horizon F) together with the comprehended Aogle OZ X, (the Supplement 
of the Angle C ZF before found) the Pale O X may be found (by Axiom 4.) 
which 1s the Diſtance required. 

\The ſame is to be found in all other as well Yerticals as Parallels. But to 
{cek the Diſtances beyond $80 deg. is needleſs. 


APPEND I 


But if it be further required in what Vertical Circle of the Plain, this Di- 
ſtance ſhall happen, it may be found by the Third Axiom in this manner. 


As the Sine of the Side O X 
Is to the Sine of the oppoſite Angle Z O X, 
So is the Sine of the Side Z X 
To the Sine of the oppolite Angle Z O X, 
Which ſhews how tar the Vertical of the Plain, which paſſes through 


p X is to be diſtant from that Vertical of the Plain O Z V. 


The Uſe of theſe Problems is for the deſcribing of Vertical Circles paral- 
lelto the Eyuator, and parallel to the Horizon. 


In the firſt place the Gnomon is to be aſſigned, according to whoſe ſituation 
and length all things whatſoever that are ro be inſerted in Dials are deter- 
mined. 

Therefore any Poiat in the Stile being aſſigned for the Apex or point of the 
Gnomon : 

A right Line,from that point perpendicularly extended to the Plain, ſhall be 
the length of the Gnomon : And that point of rhe Plain upon which that right 
Line falleth, ſhall be taken for the foor of the Gnomon. 

To the Gnomon thus conſtituted , are to be fitred both an Horizontal and a' 
Vertical Line upon the Plain, in which alfothe Zenith of the Horizon 1sto be 
fixed, all which we ſhall uſe in the deſcription tollowing, 
The Horizontal Line may be deſcribed by marking upon the Plain a Point 


[ a ] 1” 
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To find the Diltances of the Verticals of their Plains, from the Verticals , f 
the Bloriggn. ol! a 0 


He Verticals of the Plain is V Z or D C, : mw” 
The Verticals of the Horizon are ZQ,Z F,ZG and 7 Hi: 


© The Verticals of the. Arch fought of the. Diſtanc 5 in Plait, are VY, V1, 


V K, VM, &<c. _ s BE 
But becauſe the Declination of the Plain SD or NC. and the Horizon. 
tal Diſtances of the Verticals NQ, NF, NG, NH, &+#, from N are k 


the Diſtances alſo or Sums of the ſartie ,(4ctording as all be. 
be made known : Namely the Arches CQ, CF, CG, CH, &:. © 
And becauſe Z V is the Complement of the Inclination of the Plain to the 
Horizon ,: therefore 45, = Te ep” | acts 
As Z CRadius ES $8 ok 4 as 
ToSine of Z 'V. | | 4 ; rae T | 
So the Tangents of the Arches C Q, CF,C.G, CH, &c. I 
To the Tengenes of the lought Arches V. Y,VI,VK, VM, oc... 
In Ereft Plains, which paſs through the Vertex of the place, thoſe Arche 


vaniſh. | 


—_ 
_— 


Þ -K.0)Bf 11.LL.. 


The Declmation of the Parallel fromthe Sto bemg given , to find it 
Diftance from the Vertex of the Plain, to any Hour. 


Et the Parallel be A S, and the hour Z ÞP A, the Eighth from Midnight 
or Fourth before Noon, ang Arch of a great Circle O A be 


drawn, t e OP A theSides Þ A, (by the Declination from 


the u if» s | in v1 , IC TIC 
with 4 mn E 163 | an4 ' wa 
of . Longitude, anc | 


{7 | be 
an lathS * 


4 ©. T $0.4S D136 


y% "38 , ” as A 9 5 = 
If itbe ſought, in #hat Vagrical CircleF the Pla "Df 

peD, uſe te nar yagi 4 FaefiyÞs | 5 
——_ —_— Joy "0 VS p : +. a _ 


As the Sine of the Side O A 
' Tothe Sine of 'the oppoſite Angle OP A. & 


SEIOGRAPHY 


So (by Axiom 3) is the Sine of the Side P A 
To the Sine of the oppoſite Angle P O A. 


Which 1s the Latitude , between the Vertical of FR laia O 
Subſtilar OP... ... 99 FAPR 0 0h: OE 


EN C116 


To find the Diſtance of any Circle Parallel to the Horizon from the Vertex 
of the Plam, to any Vertical Circle. 


Et the Parallel or Almicanter paſſing through the Point X be the Verti- 
cal of the Circle Z F, and let the Diſtance of the Point X be ſought 
trom O the Vertex of the Plain. 
Then let the Arch of a great Circle OX be deſcribed, ſo as to make the 
Triangle OZ X, in which, trom the given Sides O Z (equal to the Inclination: 
VC) and Z X (the Complement of the Diſtance of the Parallel X , from the 
Horizon F) together with the comprehended Aogle OZ X, (the Supplement 
of the Angle C ZF before found) the Paſe O X may be found (by Axiom 4.) 
which 1s the Diſtance required. 
:The ſame is to be found in all other as well Yerticals as Parallels. But to 
{eck the Diſtances beyond $0 deg. is needleſs. 


10" p07 IX 


But if it be further required in what Vertical Circle of the Plain, this Di- 
ſtance ſhall happen, it may be found by the Third Axiom in this manner. 


Asthe Sine of the Side O X 
'Is to the Sine of the oppoſite Angle Z O X, 
So is ths Sine of the Side Z X 
To the Sine of the oppolite Angle Z O X, 
Which ſhews how tar the Vertical of the Plain, which paſſes through 
X is to be diſtant from that Vertical of the Plain O Z V. 


The Uſe of theſe Problems is for the deſcribing of Vertical Circles paral- 
lel to the Equator, and parallel to the Horizon. 


In the firſt place the Gnomon isto be aſſigned, according to whoſe ſituation 
and length all things whatſoever that are ro be inſerted in Dials are deter- 
mined. 

Therefore any Point in the Stile being aſſigned for the Apex or point of the 
Gnomon : 

A right Line,from that point perpendicularly extended to the Plain, ſhall be 
the length of the Gnomon : And that point of the Plain upon which that right 
Line falleth, ſhall be taken for the foor of the Gnomon. 

To the Gnomon thus conſtituted , are to be fitred both an Horizontal and 2 
Vertical Line upon the Plain, in which alfothe Zenith of the Horizon rsto 
fixed, all which we ſhall uſe in the deſcription following. ; 

* The Horizontal Line may be deſcribed by _— upon the Plain a Point 
[ A in 


d the Diftances of the Verticals hof of their Mor Jn the Perti 
3 Ju A ron NOW of 


SSCLATES 
#23 © 


He Verticals of the Plain is V Z or D = 
The Verticals of the Horizon are Z ZF, zG and I H, &c. 

ener the. Arch ſought of the Di xs in Plaia, are .VY, V1, 
VK c 

But becauſe the Declination of the Plain SD or NC. and the > Hoon 
tal Diſtances of the Verticals NQ,NF, NG, NH, &#, from N 
the Diſtances alſo or Sums of the ſari (4&ordi s 
be made known : Namely the Arches C Q,CF, CG,C fog, ok 

And becauſe Z V is the ME of the Inclination of the Plain ta the 
Hortaynyt, therefore | Sn a = 


CS. nn eo rer bop BER 

_ Tangent A, Arches C QCF, CG CH dr -14 Wl ac on 
To the, Tangenes of. the ſought & V Y,V "Yrs 
In Ereft Plains, which paſs through. the Veiet'o of Ach tek Ki 


vaniſh. 


h—_—_ = = O— — _ — —— 


PRO. B{ L. LIL; 


The Declmation of the Parallel fromthe or bein given, to find its 
Dittance from the Ve ertex of the Plain, to any . Hour. | 

I - Wo. ww 

] = the Parallel be A S, and the hour 7 PA, the Eighth Fro Midaight 
or Fourth before Noon, TE Arch of a great Circle O A be 


Ts inche Tri c 4 A ides Þ $ F (oy the Degliontign from 
ob HT 2 Me 
the Angles OPZ the I Longitude, anc he ho 


LOL war be found, by FAD which is the Ditance 
Point A News O the op Bucs the Plain. 


4. ©: PP £iN; D 1..X 


a 
[7 tf 
| «44 
As the Sine of the Side O A 5h 


' Toths' Sine of 'the oppolite Angle OP A. 


So (by Axiom 3) 1s the Sine of the Side P A | 
To the Sine of the oppolite Angle P O A. 


£ 


Which 1s the Latitude, betweenthe, Vertical of the Plaia O A, and he 


;Subſtilar OP. 


| RREGU ae IT. | 
To find D s Horizon from the Vertex 
AQ.\ N AV\c N Circle, 


the Point X be the Veri- 
of the Point X be ſought, 


trom 0 the Yerewmremmepmne | 
Then let the Arch of a great deſcribed , ſo as to make the 


Triangle OZ X, in which, from the given Sides O Z (equal to the Inclination: 
V C) and Z X (the Complement of the Diſtance of the Parallel X , from the 
Horizon F) together with the comprehended Aogle OZ X, (the Supplement 
of the Angle C ZF before found) the Pale O X may be found (by Axiom 4.) 
which is the Diſtance required. 

\The ſame is to be found in all other as well Yerticals as Parallels. But to 
leck the Diſtances beyond $0 deg. is needleſs. 
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But if it be further required in what Vertical Circle of the Plain, this Di- 
ſtance ſhall happen, it may be found by the Third Axiom in this manner. 


Asthe Sine of the Side O X 
'Is to the Sine of the oppolite Angle Z OX, 
So is the Sine of the Side Z X 
To the Sine of the oppoſite Angle Z O X, 
Which ſhews how tar the Vertical of the Plain, which paſſes through 
, X is to be diſtant from that Vertical of the Plain O Z V. 


The Uſe of theſe Problems is for.the deſcribing of Vertical Circles paral- 
| lc] to the Equator, and parallel ro the Horizon. 


In the firſt place the Gnomon is to be aſſigned, according to whoſe ſituation 
and length all things whatſoever that are tro be inſerted in Dials are deter- 
mined, 

Therefore any Point in the Stile being aſſigned forthe Apex or point of the 
Gnomon : | 

A right Line,from that point perpendicularly extended to the Plain, ſhall be 
the length of the Gnomon : And that point of rhe Plain upon which that right” 
Line falleth, ſhall be taken for the foor of the Gnomon. | 

To the Gnomon thus conſtituted , are to be fitted both an Horizontal and a 
Vertical Line upon the Plain, in which alfo the Zenith of the Horizon ts to be 
fixed, all which we ſhall uſe in the deſcription following, | 

The Horizontal Line may be deſcribed by marking upon the Plain a Point 
[a ] hh 


S$SCETOGRAPHY. 


To find the Diftances of the Verticals of their Plains OY the x Var 
of 7h the mon rin{3 ad Io TION of 


He Verticals of the Plain is V Z or D "7 
The Verticals of the Horizon are Z Q, Z F, 7zG a ZH, ”Y 

| om rents or the. Arch ſought of the. Di es In Plaid are VY,V1, 
VK, V c 

But becauſe the Declination of the Plain SD or N. C. and | the Hire 
tal Diſtances of the Verticals NQ,NF, NG, NH Cn fo 
the Diſtances alſo or Sums of the ſane ; (actordi Tal 
be made known : Namely the Arches C < CF, CG, PE WE 

And becauſe Z V is the Complement of the Indlination of the Plain to the 


Org PISA £5.79 i al = WRT: 
j F > $4542 4 ” - 0! W239T . 


To Sac ef ZV. wa ping 2, 
So the Tangents of the Arches C QCEF, CG CH, &. a Rs —__ | 

To the. Tangenrs of. the t Arches V Y,V LVKVM, i”. 
Io ref Plains, which paſs through the Veizes of (ATE i Ke 

vani | 


—— QA. 4 
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The Decliation of the Parallel fromthe or bein given , to find iti 
Dittance on the Ve ertex of the Plain, to to any Hour. 


Erthe Parallel be AS, and the hour 7 PA, the Eighth from Midnight 
or Fourth before Noon, ang Tn Arch of a great Circle O A be 


cnn inthe Tri ig A the Sides P & X (by the Declioaticn from 

h IDF a ng"Kn 
oh »#ifran be | iffeſtnc 
the Angles OP 7Z the Longitude, : the ho 


Baſe O A ma be found, by FAD wich the Dat 
Point + ot the Vertex of the Plain. 
In Qi 


ſought. — 


4 0. ?P EN D I1..X 


anc of [fbf 


As the Sine of the Side O A 
' Tothe Sine of 'the oppolite Angle OP A. 


So (by 


SCGIOGRAPHY. 
Axiom 3) is the Sine of the Side Þ A : 


To the Sine of the oppoſite Angle P O A. 


Which is the Latitude , betweenthe Vertical of the Plain O A, and he 


Subſtilar OP, 


To find the Diſtance of any Circle Parallel to the Horizon 


| the Parallel or Almicanter paſſing through the Point X be the Verti- 


£5 wo wy 


of the 'Plam, to any Vertical Circle. 


—_ 


from the Vertex 


cal of the Circle Z F, and let the Diſtance of the Point X be ſought, 

from O the Vertex of the Plain. 
Then ler the Arch of a great Circle OX be deſcribed , ſo as to make the 
Triangle OZ X, in which, from the given Sides O Z (equal to the Inclination: 
V C) and Z X (the Complement of the Diſtance of the Parallel X , from the 
Horizon F) together with the comprehended Aogle OZ X, (the Supplement 
of the Angle C ZF before found) the Pale O X may be found (by Axiom 4.) 


which 
\The 


is the Diſtance required. 
{ame is to be in all other as well Yerticals as Parallels. 


ſeck the Diſtances beyond 80 deg.'is needleſs. 


1"'P"P"EN'D:I X 


But to 


But if it be further required in what Vertical Circle of the Plain, this Di- 
ſtance ſhall happen, it may be found by the Third Axiom in this manner. 


As the Sine of the Side O X 

Is to the Sine of the oppoſite Angle Z O X, 
So is the Sine of the Side Z X 

To the Sine of the oppolire Angle ZOX, 


Which ſhews how 


X is to be diſtant from that Vertical of the Plain O Z V. 


tar the Vertical of the Plain, which paſſes through 


The Ulſe of theſe Problems is for.the deſcribing of Vertical Circles paral- 


le] to the Eyuator, and parallel to the Horizon. 


In the firſt place the Gnomon is to be aſſigned, according to whoſe ſituation 
and length all things whatſoever that are to be inſerted in Dials are deter- 


mined. 


Therefore any Point in the Stile being aſſigned forthe Apex or point of the 
Gnomon : 
A right Line, from that point perpendicularly extended to the Plain, ſhall be 
the length of the Gnomon : And that point of rhe Plain upon which that right” 
Line falleth, ſhall be taken for the foot of the Gnomon. 
To the Gnomoan thus conſtituted , arc to be fitted both an Horizontal and a 


Vertical Line 


fixed, all which we ſhall uſe in the deſcription following. ; 
The Horizontal Line may be deſcribed by marking upon the Plain a Point 


Fo: 


[a ] 


upon the Plain, in which alſo the Zenith of the Horizon ts to be 


SCIOGRAPHY. 


in equilibrio with the Apex , and drawing through that point upon the Plain; 
A Lhe parallel to the Horizon, both which may be done by an ordinary Tricli- 
natory or Quadrant, or by any other apt and convenient means. 

And a right Line drawn through the foot of the Gnomor , perpendicularly 
to the Horizontal Line, ſhall be the Vertical Line of the Plain accommodated 
in like manner to the Apex. | 

Alſoa right Line perpendicularly creCted from the Center of the Earth, to 
the Vertex of the Horizon;ſhall deſign out (in the Vertical Line) the Vertical 
Point of the Horizon , called the Zenith ; which alſo the concourſe or inter. 
ſeftion of the Vertical Line with the hour-line of 1 2 will effeQ. 

And becauſe below the Horizon, there is nothing in the Heavens further 
diſcerned, therefore'in the Plain nothing 1s to be deſcribed above the Horizon- 
tal Line. Wherefore it behoveth the Artiſt to order the Apex of the Gno- 
mon in ſuch a uu of the Stile , {o that all things may be deſcribed upon the 
Dial-plain ina decent and orderly manner. 

In the laſt place, all things depending upon the Apex of the Gnomon, and 
contained between the Tropicks and the Horizon. 


To Deſcribe the Azimuth or Vertical Lines. 


1. In any Inclining Plain, from the Zenith point of the Horizon noted up. 
on the Plain , deſcribe a Circle ,.in which (from a Vertical Line drawn upon 
the Plain , through the foot of the Gnomon) ſet off ſuch Angles asare equal 
tothoſe Arches found by the firft Problem , tor rhe right Lines drawn at thoſe 
Diviſions towards the true Coaſt of the World, will be the Vertical Lines. 


1. In an Horizontal Plam, 


The equal Angles at the foot of the Gnamon reckoned from the South de- 
{cribe the Vertical or Azimuth Circles. | 


In any Ereft Þlam, 


The Zenith cannot be fixed , neither can the Vertical Lines meet, therefore 
there is no need of the computation of the firſt Problem. Only the forming 
of the Angles at Z, or of the Horizontal Arches, CF, C G, C 1 cc. is here 
required, But the Tangents of theſe Angles (the length: of the Gnomon be- 

ill 


ing made Radius) fet from the Foot of the Gnomon towards their due Coaſt, 
will find points upon the Horizontal Line, by which Perpendicular Lines be- 
ig let fall wiff ſupply the places of the Vertical Circles. But every Azimuth 
or Tenth Circle may be deſcribed from the South,and a number proper there- 
to aſcribed,viz. 1o, 20, 30, &c. Or alſo thoſe Seleft Points anſwerable to the 
Points of the Mariners Compaſs. Eight whereof complete a Quadrant or 
fourth part of a Circle, and to the ſame thoſe names may be fixed according 
as every Nationdenominateth them. | 


» All the Uſes of the Vertical Circles may in ſome meaſure be hither- 
to transferred, 


To 


SCIOGRAPHY. 


To Deſcribe the Leſſer Circles. 
1. The Parallels of the Equator. 


1, Seck the Diſtance of the Parallel to be deſcribed at every hour (by 
Probl. 2.) then making the length of the Gnomon Radius , apply thoſe Tan- 
| _ to the Hour-lines from the foot of the Perpendicular Stite , for where 

concourſe or interſeQion is made , through that point the Parallel will 
paſs. But if a SeQtion appear uncertain or dubious uſe the Appendix” of 
Probl. 2. that is , enquire 10 what Verrical Circle that SeQon ſhall happen : 
which being known , if from that part of the Subſtilar Line, which is'moſt 
convenient you four the Angle of the Vertical in the foot of the Gnomon, 
you will have the preciſe Seton of the foreſaid Tangent and hour. 


By this means are to be deſcribed Parallels. 


r. Of. the Signs of the Zod. 

2. Of the Dm. Arches. 

3. Of theTatirudes of Principal Cities , whence you may know, whether 
the Inhabitants of ſach or ſuch a Place be Anrhiſcii, Heteroſcii, or 


| A 
4. The Parallels proper to every Feſtival Day, and ſuch like things. 


But the true Parallel proper to any deſigned buſineſs is firſtto-be found but, 
and then to be managed according to the requilites of Probl. 2, 


2. The Paraltels of the Horizon, or Almicanthurits. 


The Altnicanters are to be inſerted into the Vertical Lines in the ame man- 
ner as the Parallels of the Equator were into the 


hout-lines. For the Tanpents of the Diftahnces A/micant. | Umb. 4d) 
(found by Prob1.3.) ſet from the foot of the Gnomon 4cg. mis. | Grom. | 
(to whoſe length alſo the Tangents are tobe limit-© $84 18 [10 4d 1 
ted) to their proper Verticals, will give the Points $82 +453 |8 1 
through which the Oblique Line repreſenting the $8: $53 |6 I. 
Almicanth. is to be drawn : ——Bur if the Seftion 78 42 |5 11 
appear dubious, a remedy for this inconvenience 75 58 [4 1! 
may be uſed from the Appendix of Prob/.3. For 71 34 [3 I | 
thence it will appear what Vertical Line, numbred, 63 26 |2 3 
from the Verrical in the Plain V Z, ſhall paſs 56 19 [3 2; 
through that fame Seftion ; Which if / from that 53 08 [4 3 
part of the Vertical V Z which you ſee moſt conve- 51 20 |5 4 
nient) you expreſs ina due Angle framed at the foot 45 oo | If 
of the Gnomon , you will have the exaQ point of 38 40 [4 5 | 
SeQtion. TR) > 0-00-13 4 
In this manner may be inſcribed every 1o Paral- 33 41 |2 3 
lel from the Horizon , thence ſo to be numbered by Zo «+58 | 3 5 | 
10,20,30, &c. or from them ſome more ſelet,which 26 34 | I 2 


will ſbew the Proportions of Shadows to their Sno- | 
mons : ſuch as are theſe to be Numbred from the Vertex, not trom the Hort- 


Zaft. 


Of 
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Of the Hours of other Nations Nope how .they may be put into Dial 
| lams. | 


The Aſtronomers and Umbreans number equal hours from South tg 
South. 1 201-8308. 
The Egyptians and Romans from Midnight, as we uſe alſo.todo ig'our 
Civil Account. F | 

To both theſe Computations thoſe hours ſuffice which we before taught 
how to inſcribe. 2 4-408. 24; 

The Bohemians and Italians ſtill retain their equal hours, but begintheir 
Numeration from Sun Setting, - regal v1 

The Babylonians and Balcarick Iſlands begin from Sun Rifing.. 

The Jews were wont to divide every Day (and-Night) into 22 Parts, the 
number whereof among them began at Sun Riſing , and cealed at Sun Set- 
ting: The hours from Sun Riſing, and Sun Sermang are eaſily inſerted ; if firſt 
theſe Parallels of the Diurnal Arches which anſwer to the like number of 
hours, /-. e.) 8,10, 12, 14, 16, be deſcribed. For the Sun Riling.in the 
Eaſterly Horizon is the beginning of the hours from the Ealt. bis Set- 


© = +4 # 


the Planetary hours cannot be ſhadowed out by right Lines, becauls in the. 
Sphere they are not great Circles. | 


"The End of the Sevoeth TRACTATE. 


Concave = Gaetos 


-- Spherical and Cylindaical 
DT AE ENG 


The Eighth TRACTATE. 


Fiſt,” Of 
GONCAVE:. DIALING: ; 


SHEWING, 


Home to draw Hour-Lines in the Inſide of any Regu- 
lar Concave Hemiſphere in any Poſition, -cither Pa- 
rallel, hs ama or PRES to = Axis of the 


World: | 
AND *isy bs 


To Hecribe the Parallels ,Azimurths, Almicanters, and orher Furs, mil 
ors inr0 > ſuch, roocaVe Dial. + Wn  : 2 


? - " 
'L 


= Naeſe 'R Regular Concave Hemifoheres ; (for of ſuch. now we only 
ft fanny) molt natural Phains'upon which Hour-lines may - be 
1-Y-i+ deſcribed ,>forthat they do;fd adrurally it the Sphere , and 
>; the mannet how the Hour-lihes and other; Furniture maybe in- 
ſcribed upon them, 'isno {s caſit, nd how doch maybe ei, hull th 
Wore iy Trace, . all naifor | 1Htr: 14 EY 
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PI Fay ol Kon ' [. , 
To Kay's a V, MA y- or _ Concave Did. 


| | Aving a Concave Hemiſphere red: as, S N E W. divide the Figure 
Limb into 4 Quadrants , noted as the former Letters ; one of the ; 
Quadrants divide into 9o degr- open chu Compaſſes to the Quadrant, and F 


ſetting one foot upon E or W-with the other draw the Meridian or - _ 
b 


Figure 
II. 


of CONCAVE DIALING. 


S 7 N. take out of the Quadrant the Latitude 5x deg. 3o min. and ſet thoſy 
degrees upon the Meridian from S. towards Z to Þ. which P ſhall be the Poſe 
of the World ; then placing your Compaſs ypen P.(rhey þcing opencd to a 
Quadrant ) draw the Equator E A W. which divide into 12 equal parts ; 
your Compaſles being opened as befare to a Quadrant , and. one, being 
placed inthoſe marksmade in the Equator, with the ofer tor dai Cir. 
cles, which ſhall be the Huur-lines required ; the Stilemuſt be ereRted in Þ. 
with an Angle equal to the Latirude z equal to the length of 6e deg. of the 
Quadrant , the top muſt hang over the Centre 7Z.and be parallel wiefi the 
Limb, 'or ere& a Style in the Point Z of the ſame length with the farmer 
which ſhall ſhow the hour with the Top only. 


—_— 


CuaP, 1 
To make an Ereft, Dirett South or North Concave Dial. 


His Dial is made altogether like the former , only jnſtead of ſettipg of 

the Latitude from Sto P.” you muſt only ſer vffrhe' Complernent of 

the Latitude, and the Hour-lines ooly from 6 to 6. are deſcribed therein, the 
reſt of the Hour-lines are reſerved for a Vertical Dial beholding the North. 


- 
mm —_—__C___ws & "_ 9 I th tho. tn it tit 


_ 7 4} 
To make a Meridional or Ereft, Dire Eaft or Weſt Concave Dial. 


Quadrants, one of thoſe into go deg. from N. upwards , and from's. 
nwards , ſet the Latitude to P.' then'open your Compaſles to a Quadrant 
uw” foot in P. with the other draw = rs Q_E A. which ED di- 
vide into twelve equal parts; your Compaſs being opened to a Quadrant, ons 
foot placedin each of theſo marks, with the r-draw: Circles which; 
be the Hour-lines required} \as in the Figure... The Style, may; be a wiet Jaid 
from'P to P. or a wier erected in the Center E equal to-the Semidiatnie 
of the Quadrant ; for better InftruQtion ſee Figure IL which is an Eaſt-Dial. 
In the ſame manner is an EquinoCtian Dial made , only all che houssfrom 
ſix in the Morning till _ muſt be drawn, as the reſt above thoſe 
proper for the Eaſt or Weſt Dials are , "and as the pricked hours 9g-8-7-and 
6 inthe Figure are 


] faurirns, cer be Z S NG. the Limb being divided into, four 
" 


Alſothe Hour-line of fix , viz. the Line P. VI. P, muſt be Þ 12 P, and the 
os numbered as in the Figure is expreſſed and numbered with Arithmetical 
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Cnay IV: 


ia Z'or N, draw the Horizonral Circ Þ.S W.take the Decliattian and prick. I" 
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eCHaP. V. 


1 Tomake a South.or North Reclining, Declining Concave: Dial. 
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= 
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F Our Concave being -prepared as before, quartered and divided, oftie Qua-'F; 

JV -1: dfant into go deg/ler the Concave be marked with the Lerters Knee 9. Figure 
Fiſt; drawthe Horizontal Linein the Cirde-S N;frow'Sfer off the Retinari-* *!* 
on to H ;/bne/foot of the Compaſſes in H being opened t9a Quadrant, deſcribe 

the Horizon 'E MW," in which according to' the Declinations from W or E, 

ſer 6f: the! Declination , and one foot'6f your Corpaiſes being in; that Point 

with the'other-deſcribe the Meridian'or hout of XIE. from M, its interſection: 

with the Horizontal Line in the Meridiun'fer off the” Laticudero Þ;,' (6 P ſhall 

be the Pole; in ÞP, with the Compaſſes opened toa'Quadrant draw the Equa- 

tor, and where it's interſe&ed by the Meridian, begin-and divide it Two 1 2 c- 

qual parts, which you may doby 1 5 deg. of the Quadrant, your Compaſles 

being opened to a Quadrant, _y foot incach of theſe Poiots, with 

the other foot deſcribe Circles, which ſhall be the Hour-lines required , for 

the Style it muſt be ereQed in the Point P, and come to the Center of. the. 
Limb; and muſt be the length of: 66 deg. of the Quadrant, or you may as be- 

fore ere a Style in the Center Ly of the ſame length to ſhew the hours with 

its top ; for your betterinſtruQion behold the Figure. 


CH AP. Vi. 


of CONCAVE DIALING. 
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Cudn,vh 
To make a Polar, Concave Dial. + 


Polar Concave Dial is no other than an Horizontal Dial in the Lati- 
A tude of go deg, and of all others is moſt eaſie to be made, for if ygh 
divide the Limb of the Concave Hemiſphere into 24 Parts, "and from 
the Center of the Hemiſphere (by help of a thin Ruler that will bend) draw 
ſtreight Lines to each of them, thoſe ſhall be the true Hour-lines. | 
For the Style , it muſt be a ſtreight Wyer, perpendicularly ereQed in the 
Center of the Concaye,whoſe ſhadow will atall times (the Sun ſhining) give 
the hour of the day , and the hours in theſe Dials muſt be numbred from XII 
to X1I. 


S— 


C'n ar, VF, 


To draw the Hour-lines in a Concave , when the Axis cuts the Hemiſphere 
 . Into two unequal Parts. ATPS 


12ure | Br the Hemiſphere be A B CD, and the Axis A B E, on the Point Bde- 
V. ſcribe a Circle , which begin and divide into 24 parts upon ſome Plain, 
and from the Center E; by thole parts draw Lines, which ſhall divide the. 
Circumference ABCD into 24 unequal parts, the Circle CE D muſt 
be divided into ſuch unequal parts , and they ſhall be the Points by 
which the hours muſt paſs; then for the finding of the Center by which the 
Hour lines ſhall paſs in the Spherical Body, do thus : To find the Centers of 1 1. 
or 1. the Hour-line of 11, is marked FG, divide the Circumference betwixt | 
F and G into two parts at H , ſo H ſhall bethe Center for the drawing of the 
Circle of 11 ,:if E be the Pole,but it A agd B be the-Poles;then the diftance 
between F-and H, or G and. H. ſhall bethe Centers fordrawing of the hours of 
ſeven and;fve, by placing one foot of your: Compaſſes in-7. or. 5, and:tuyroing! 
the other foot:into the Circle C E D, ſhall give the Center for thoſe Hour») 
lines, andin like manner you muſt find the Centers for the reft of the Hour-: 
lines. - The Stile, (if A Bbe the Poles) may be a Wyer layd from-A; toB { bue: 
if E be the Pole, then yourmuſt ereQ a Wyer- inthe: Point) E.,, equal to the. 
length of the Line E B, as is done upon'the Plain, or equal vo half the kengrh. 
of the Line A Brhe top of the Style muſt hang over the Poiat E, and begven 
with thg top of the Congave z ſee the Figure. | 1 od bra 407 
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To draw the Hour-lines in a Concave when the Axis doth but only touch the | 
' Superficies of the Sphere. 


T* the Axis cut the Sphere in one point as P, and the Axis be perpendicular 
to P ; for the drawing of the Hour-lines do thus, divide the Circumfe- 
rence or-Lamb into 12 equal parts, beginning atP; for the drawing * the 
Hour-lines 


% 
bi A LYIIEEN MUS Aa, 

Of CYLINDRICAL” DIALING. 
Hour-lines divide the ſpaces betwixt P, and the interſeftioos of the Hour-lines 
in the halves, and thole ſhall be the Centers for "the Hos fined : But if the 
Axis be A P X, then divide the CitgleP M iato fix equal parts ; then to find 
the Centers divide the ſpaces betwixt the Pole P, and the Diviſions into 
halves, and thoſe Points. ſhall be, the Centers of the Hour-lines; for your ber- 


0 


ter inſtruQtion behold the Figure.; 
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Cn av. IX. 
To deſeribe the Farniture upon Concave Sun«Dials. 


| m———_ 


SE CT. 1. To drow the Parallels of the Sun's Dedination;” 8c. in 
any Concave Dial in which the Axis paſſes through the (enter. 


"He Equator being drawn. ſet off the. degrees of Dectination from 
. . the Equator, in. the . Meridian, of the Blain or Subſtilar both u 

wards and \downwards ; theo place one. foot of your Compaſſes 

=, in the Pole, and. extend the other to. thals you marked; from the E- 
quator draw Circles ; {ball be the Parallels of the Sun's Declinatioa 
required, as for cxample,:the drawing two Tropicks, which decline 23 deg. 
30, min, from the; Equator ; take 33 deg, jo-min, and prickit down, in 
the Meridian both ways , and place ane foot of your Compalles in the Pole, 
with the other extended to the 23 deg, 3o min. deſcribe the etwo Tropicks,as 
in Figure I. appears. ES | | 


S E C T. II:' ' To draw the Azimuths or Vertical Circles. 


Ivide the Horizon into 180 deg. begining where it's interſeQted by the 
Meridian, if you would draw every '10rh "Azimuth, then you may 
only divide it into 18-equal parts , beginding at the ſame place z, bur if. you 
would only draw every 15 Azimuth , then divide the Horizon into 12. parts, 
beginning as before at the Meridian , if you would draw the Points of the 
Compaſs, divide the Horizon into 16 parts., then open your Compaſſes toa 
Quadrant, place one foot in any of thoſe DiviGons ,. where-the oro ſts 
terſoQts the Horizontal Line ſhall bethe Center for drawing that Azimuth, - 


SECT. III. To draw the Almicanters. 

' T Aving found the Points of Zenith and Vedir; the diſtance of theſe 

 QITS forizoaral Ling into 50 deg. ons foot being, placed on 

one 0 hi Points, the other exte to thole degrees, Circles drawn from 
one Tropick toancther ſhall give Almicanthars ar Circles of Altitude. 

" The Proportion of the Shadow to a Gnomon may ally be drawn' on the 

ſame manner. By Five 


[c] SE CT. 1V. 


of CONCAVE, DIALING. 


SE C T. IV. To draw the Planetary or equal HOW th 7 
Concave _ 


z 


Or the drawing of the Planetary or ale | hours, having firſt deſcribes 
the Horizon, aatons , and the two wal hv "divide that pare of ihe 
Tropick which is intercepted betwixt its interſeRion with the Horizontal 
Circle, into 12 equal parts beginning ar 12,”the Equator being before divided 
into 12 equal parts by the Hour-lines , open your Compaſles to a Quadrant, 
one foot being placed inone of thoſe Diviſions, move the other foot uatil-you 
find the Center, which will draw both thoſe Points into one Circle, and draw 
Circles which ſhall be the ydequal hours requured. * 


SE CT. YV. To draw the Hours from Sun e to Sun Set, called 
the hain and, Pablo pg FED 3 ” 


Lace the one foot of Foie paſſes in the Pole, and exte DI 
the 1 ; boon o fahe Hon ren , 8nd = 4 
rallet of the Tacitade, which divided jnto'z fl Brig 
Ercles, place one foot rl: ur. Com LC: meach of Ah 
aſſes bei opened t adrar rk En within the 
Circle of the Latity % in the hour = rough  P6ine 


where the Conipuſſes' is fet 1a the on A | hat rhe Cennre'Js 
ſcribe Circks from ode Tropick to ' "tg be "the" 
lines from Sun Riſe to Sun, Set ; and Thal f pa by the'I terſeffion p the 
Hour-lines and the Equator.” ' mw "we 
You ma alſo draw cg 0 f Poſs , the Signs inthe Meridien, Wy 
Signs aſcending and deſcendi - og oy es of Longitude , with many other, 
the Parallels Y the lengt wth of day and. ight, the; 5x of the Sus 
Riſings and / Ahrah the day _=— the Month, = the Zoai 


SECT. V1.  Todraw the Equater 0 ante Declinatian, &c. 
in a Concave Dial, when the JIAirs cuts it py qual Parts, or ay 
otherwiſe. 


N that Point of the Axis whict Tx 
World deſcribe a Trigon of the nor Pie 
ſo the middle Point upon as ati 
Centers for the — of the __ Se. 
I ſhall not need mþ ive Examples or make any 7 Scheme for the farther 


by Center of 


of Declinz tiog 
erſeftions Nay oe be” the 


Foe he Loaye by 5, e i i ts t 
Hor 196d to ncave Dials en alre 
| in he , Fifth A 


in che Ninth, enth an als A mor Fi vety ob- 
rom to the meas t Capacity bi {o 1 FT P. Cou- 


cave ns Bf 


Secondly, 


. Of Convex and Cylindrical Dialing, 
Secondly, of 


-CONVERX DIALING. 


SHEWING 


How to make a Dial upon the Convex Super fiies of a Globe, which ſhall 
the Hour by the Shadow , which ſeperateth the Enlightned He» 


| ingove from the Opacus. 
He won 1 gr hereof is , for (the Globe 
F 1 pr ping rarelem fry ory the two v: frepiely 20s apts and yo ,you 


- oipubag'</ 2m wh which will be for orna- 

ment only to be deſcribed thereon, and the Parry 4 pr 

24 equal Parts, and-Points, orStars, or other marks there made, they te 
the true Hour-points.: And if thisGlobe-be ſet upon a Ned or Pedjful, and 
the ;Poles of the Globe ſa.clevated and I as to. ireal Poles in 
\ Heavens, and one of the muſt have. the Number VI. 
it, to behold the Meridian of ahe Place then will the ewo Xi. of Clock 
Haur-points behold one. the Baſt, and the other the Welt: Partsof the Horil 


zOD 3 RNodiheathevur all Gare ſhining upon the! Ir 1 Fog rex 


Hemiſphere, and the-other-will be Shadowed, 
falleth the — the gray dom ear 3rd ry" 
bot heh; andanblr new | 


bour of the Day in two places oak 
Welt Side of the Globe. Andlerehis 2» for , Fn wo 


—— A.M. Mitt. 


Thirdly, of 


CYLINDRICAL DIALING; 


—_ 


Ic. [ 


— 


EITHER 
I. Of thoſe that fall in a Right Sphere, i. e. ſuch as lie Parallel to the Axis 
of the World, wnd their Baſes Parallel to the EquinoFtial. 
Our be ſ& Cyl; 

AA ke nous KenbeE on moves were the hav 

T7 fall in the very Centre ab the Baſe of the Cylinder ; os * di- 
draw Lines from the Centre toe3ch of thoſe Points, whicti ſhall be the Hour- 
lines for the Baſe of the Cylinder : ——And where thoſe Linescue the Cir- 


Convex 02 Concave. 
ith great.gaſe agd faci- 
vide FA ES of the Baſe of the Cylinder into 24 equal parts , 3 
cumfereace 


| vs | 
y ny 


a> 


Of CONCAVE "DIAPING. 


cumſerence, Likes drawn from them down the Cylinder's Side, they ſhall be 
the true Hour-lines, wEich will be alt-paratkctech to other. 

Il. If the Point of the Axis fall not juſt in the Center of the Baſe of the Cy- 
lind;r. Through that Point yhere the Axis falls, andthe Centre df th Cy- 
lindtr draw a line, and witha pair of Compalles take the neareſt diſtan&'from 
the Axis-point to the Circumterence of the Cylinder , and with that diſtance - 
upon the Axis point deſcribe a Circle, which divide into 24 equal parts, (be- 
gi00i0g atthe Diameter Gr(t drawn) ines drawn from the(Axis 'Pointyhrgy 
eyery of them, and extended tothe Side or Ctrcumfgnence. of the Fakgſth 

e 
F 


12 


Cytinder ſhall be hour Lines,and again Lines drawn from them.dowa rhe 
of the Cylinder ſhail be Hour-lines alſo. od Wffoinnie bs hong non” 
(HI. If the Point of the Axis fall in any part of the Periferie of the Cylin- 
de*s Baſe,Then divide rhe Circumference ofthe /Cylinder's:Baſe into ie "& 
qual parts,: beginning at the Axis-point s Lines drawn from thence to th feve- 
ral- Pojots inthe Periferie: of the-Circle, andalfo down the Cylinder's Side, 
they ſhall be the Hour-lines: 113 DS0r22t52 53 03431010 311 * 
, IV.' /f the, ts-point fall withunt the Baſe® of the Cylinder. © Then the di- 
ſtance betweenthat Pointand: the neareſt partiof the Periferie of the Cyline 
—_ being made Racius, and a worn 7 495 E706 6 be _— delcri- 
, ivided: into 1.2 equal: z' 'Lircsdrawnfrom the 
through tho Diviſions ea cxhof themi'cut the Petiferie of the rarer; 
Baſe jn two Points, from:which Lides drawn. from vneto the other (each td 
bis carreſparideur, they ſhalt be Hour-lines ; and from rhetn Poindlines: down 
the Side of the Cylinder muſt Parallellines be drawa alſo. ii: | ::- | int: 
Move) « New;might be ſaid concerning drawing Hour-lines anJ'other Furniturealſs 
upoe Cylinders; and other.Solid Bodies either Regular or-Irvegular , as alſo'of 
Rings, ho pogo. jy To a7 oe rr rear wh » which give the hour, &6 
by help of the Sun's Altitude, the making whereof is ſo well known toe 
Artificer .,.and-maker of Mathematical Inſtruments, that-nothing more of i. 
need be ſaid in this place, And beſides the Precepts delivered in the Fourth, 
Fifth, Sixth, Ninth and Tenth TraRates hereof are ſo ample, that it were but 


Altum agere, toſay any thing more concerning theſe Matters: Ando I con- 


clyde this TraCtate. , ” O's | : 
TSF #' ih K* » 3 : 
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Cf CONCAP'E WD TAPING. 


cumfercnce, Lifes drawn from them down the Cylinder's Side, they ſhall be 
the true Hour-lines, wkich will be alt-paratkcteach to other. 

Il. If the Point of the Axis fall not juſt in the Center of the Baſe of the Cy- 

Y- 


lind;r. Through that Point where the Axis falls, and'the Eenwre df th}C 
lindtr draw a line,and witha pajr of Compaſſes take the neareſt Giſtan&'from 
the Axis-point to the Circumterence of; the Cylinder , and with that diſtance : 
upon the Axis point deſcribe a Circle, which divide into 24 equal parts, (be- 
inning atthe Diameter rſt drawn) hnesdrawn from theiAgxis Pomnynngk 
eyery of them, and extended tothe Side or Ciycumfenence. of the: Paſe 
Cytinder ſhall be hour Lines,and again Lines drawn from them an Vide 
of the Cylinder ſhail be Hour-lines alſo. nf Soo oo 
{I. If the Point of the Axvs fall in any part of the Pcriferie of the Cylin- 
d&*s Baſe, Then divide the Circumference of the |Cylinder's:Baſe- into We "© 
qual parts,: beginning at the Axis-points Lines drawn from to theleve- 
ral-Pojnts inthe Periferie- of the-Circle,' andalfo down the Cylinder's Side, 
they ſhall be the Hour-lines; ' 1-41 baonatsL F 43110 31 _ 
| IV.' If the, Axts-point fall without the Baſe* of the Cylirider. - Then the di- 
ſtance betweenthat Pointand: the neareſt partiof the Periferie of the Cylin+ 
der's Baſe being] nnade Racius, /and a Circle:(or Semicircle): be therean deſcri- 
bed, and divided: imo-12 equal:parts 3; then: Lives drawn fromthe Axis-pdi 
through thoſt Diviſions ſhall each of themicut the Periferie of | the Cy 
Baſe jn two. .Poigts,, from:which Lies drawi-ffom vneto the other (cachtd 
bis correſparident, they ſhaſtbe Hour-lines ; and from rhem Poindlines:down 
the Side of the Cylinder muſt Paralleblines be drawn alſo; it |: 7 not 
- \Now:might be ſaid concerning drawing Hour-lines and'other Furniturealſs 
upon Cylinders; and other.Sokd Bodies either Regular or-{rre , asalpof 
Rings, uagrants, Paraliclograms and other ,D! » Which give the hour; #6! 
by help of the Sun's Altitude, the making whereof is ſo well known toevery 
Artificer,,.and maker of Mathematical Inſtruments , that-nothing more of «- 
need be ſaid in this place. And beſides the Precepts delivered in the Fourth, 
Fifth, Sixth, Ninth and Tenth TraQates hereof are ſo ample, that it were but 
Attum agere, toſay any thing more concerning theſe Matters : And fo I con- 
clyde this Tractate.. WD IRS . 
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pacities of ſome men, than the Preceprs themſelves : Thus having given this 
Cantion, gpeey* tp 248 4h themplvgs, hegigging 1 with X 


q Fi 
HA 'y I; "\ 
A Deſcription 4 H ORIAZONTAL PROJECTION. 


RajeQtions of the Sphe 5p ball wwated tram thaſe great Cir- 
cles upon which th of T- : projet GT Tit hexe, is called Horizontal, 


becauſethe oh it ard projeRed upeti the Plain of the Horizon : 


the e phe che N Pr. POE TRETeSs upon the Superficies 
F W EE f it TO deduced Geomertrically out 
of the Foros (Bud biaca : 1s in divers reſpeRts cum- 


here Z 
berſome and not ſq te,1ra 6 ſuch Tables as (ball better 
fiffice for the Work ; which w el and the manner how to make 
them, ſhall now be declared. 


To deſcribe the AquingQizl agd Parallqls;,gf Declination, belonging there- 
to, two Tables are On 2. 972 FF is to tell how far from the 


ercach n the js: to cue through. the: Meridian , which 
Famer polled bl dh Wn he nd ,. is. tq find haw far the 


*y / . , #* 


y—-1> 


Centers of thoſe Parallels 4c likewiſe hate the Ceater of the Inſtru- 
ment, that ſo they may beYeſctibed ; andthis' * le may be called, 4 7 able 
of Centers, And Aur-xf two Tables are variable in every Latitude. 


SE CT. I. To make the Table of Interſeftions. 


' k ws \ ' - 
Ecauſe the Circle of the Inſtrument is the Horizon , and the Center the 
Zenith, andthe Diameter the Meridian, and it is required to know = 


far the Parallels are 7 ge o-n rhe TO” It is meet. therefors, luſt tace: 


Sts fame £6 how many de __ llel of 

Gi <7» he Ze th of the pliige, both 
Ge TED a 

oa, = Jin lt Titi Schertic the Wo & will be 


- ig Wherein the Cirols'cepre- 
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30 min. 
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30. min. /arid from Z'toe, Notthwarts'is The Suppledient of dine Lacizade , 
v1.4128 - © ant, CHD 0 B74! T=i0n' oy 0% Ba] 59134 $133 
And theſe are the South and North diſtarives of rhe Bquator vr 'begitni 
of Avies, and Libre,” "Thin wrar MA; dad'4 B/2ad Be Cunde Bi ure 


on our fappottion 4 '23 dog; 30 wibrom the Equator. -:So them if 
we take woe 30min vit ef ry Yep porreriewdru gx def. Jo 
min. there will remain: A Z w2dep. and mech'lis the Paratbd of Qracer thi- 


ſtant from the Zenith of Zundon on the-Sauth part: of the Meridian!” Aguit, 
becauſe Z , is 128 deg. 3o min. and « C 23 deg. 3o min. taking « C out of | 
e 7, there will remain 1056 ..and {ſo much is the ſame Parallel of Cancers di- 
ſtance from the Zenithont - Worth park, me | 

Now for the South Parallel B D, belonging to Capricorn , add Z & 5 t deg. 
30 min. to A& B 23 deg. 30 min.'.cthe Jum is 45 deg. ſhewing the diſtance of 
Capricorn from the Zenith on the South part of the Meridian, to be 75 
deg. and Z £ 128 deg. 30 6! San gay * D, 2 Zo min. gives the 
diſtance of the ſame Parallel of Capricorn from the Zenith tb be 15 2 degrees. 
So again, if we ſuppole E F'to be a North,Parallel-of the beginning of Zo, 
and G R of Sagitterivs, -cach.of-whichdechne from the Equator 20 deg. 1 3 
minutes. Take A & 25dep-13 mitt ont of ZZ gt deg. 30 min. there re- 
mains E Z, 31 deg} 17 tht9, the tiftance' of the Parallel of £w from the Zenith 
of Zondon, and the fame x F 26 deg. 13 min, taken out of « Z 128 deg. 30 
min. leaveth Z F, 108 deg. 17 min. for thed of Zeo from the Zenith, on 
the North part. Thet»tor'G R, the South Parallel of Sag4rtarins , add G &, 
20 deg, 13 min. t9 & TZ, 51 deg. 30 min. the fur is R 7, 51 deg. 43 min. for 
the South diſtance: 'and if £ R206 deg, 13 fin; be added Uſb to < Z 128 deg. 
3o min. it will make ZR x48deg; 43 min, the North diſtance of Sagitr2rius. 
In like manner, the begingings of * the Signs #ir29 and Srorpio, declining 1 r 
deg. 3o min. fron the Equator , will give their diſtances rSouth for Yirgo 45 
deg. North, 117 deg. South, for Scorpio 63 deg. North, 140 is ey 

The like computation muſt be made for the Parallels of Declination,belong- 
ing to each fifth degree of the fart-mamedSighy; it you would have the Di- 
ameter of your Inſtrument to be about half a Foot : but , if you would 
have it a foot (which is better) you may compute for each third degree of the 
Ecliptick. EPS 

And ſo having framed a Table of fix!Colutins: 'apd written down the Cha- 
raQters of Signs in the firſt, and ybur nhrhbers ſo-produced into the ſecond Co- 
lumn, as in this Example, made for the beginnangonly of each Sign ſhewerh, 
you may proceed in this manner | | £1 $2872. | ; 

Write the halves of cactiof-choſe Anks'forwaitt into the third Column of 
your Table, and in the natural/Cangn of Ta , look out the particular 


Tangents belonging to each of rhele laſt arks, of Baties, and fer them down in 
the Purth FO and tic Rmeriour of thens al labs the ſixth Column. 
The ſuperiour Tangents in every cell of the fourth Column and ſixth Co- 


fame dermnghe 0p6.2f 90 TWRIEe: HAND quirath comaly, the Tablepf a" 


nramoniiog ob ng magolunmgo ors wed od Af ©. 

1 SiBiG.:Þ. hk, To make ahe Table of Comers, »..' [i 
-4) ORR 7g ett 291-1 1 1209s offs Ni 231972 bs Tl 2ncty 
10r-the offeRtin dis; a8 the en aiibbreuailich kacogpenll 
”” the folirth' C | , and wri thre ſUrhia Hvidie A | ri yr pr 
the Diameters of the ſeveral Parallels. And if you take! rhe half of rack” 
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there already pla 


you take the Tang 
and are already 
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of thoſe numbers , and write-them in the ſixth Column , under the numbers 
Paraticts nd ity. if fomeoch f theſe Semidiamerers 
the ſame ſeveral Parallels. laſtly, 0 Semidi 

ing ents of the urth Coluwn ; which were before trantiar 


ing-in the ſixth Column,every couple as 


ſhall you produce the diſtances of the Centers of e 


bers of the 


ter of your P ae port , which is the thing now required. And ſo the num- 


See here the Form of the belt Calenlition. 


econd Table are made up allo. 


The Firſt Table. 


of. the Semid 


iameters of 


ſtand, 
Parallel, from rd mY 


24932 
2 30333 
27983 
138313 
36397 
163185 
43234 
207321 


61280 


274747 
72255 
355956 


76732 
401078 


Tangent | Diamtt. | 
155256 4 


1661964 


429311 


| 4 Coll. 


4778 10 | | 


$ol.. | 


——— 


HEE The Second Table. 


1.55165 


'- How th nicke the Table 'of Inter ſefbions; ind of Centers more ful.” 


this 


um 107 


TE 


I 2173 } 


Table of 
wr 114 16 


| Table of | 
Inoſl 


63 
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I 
143 
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IG 
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(2Þ-[sÞoſaſsſe 
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\ "C1280 


24932 
27983 
WELL 
48234 


| 
| 


1 98355 
76 772, 


diſtinQion , note them with Aand Be, 
point of Cancer, and-are as Radical numbers, by hel] 


[|uſxſs[«[a[v 


I. 'Ake half the complement of your latitude, and comparing it with 33 


ev 


2. To 


2. To theſe two numbers A and B, add ſuch numbers of the Table follow: 
ing as do ſtand at ſuch degrees (of every Sign) as you intend to put. into your 
projection (as in a large one of '30 inches diameter, you'may inſcre every de- 
gree, or each two degrees for one of 1.5 inches,” or cachthirddegree for 10, 
or each fiſch degree for ſix inches diameter) and place each couple of theſe 
laſt produQts in one cell, ſo ſball you make up the column of Arches, ſuch as 
in the following Table made for the Latitude of 51 deg. 3o min. to the begin- 
ning of each Sign, only for an example. : 

3. For theſe Arches of tlie firſt column, ſer.the Tangents belonging there- 
to, as appeareth in the ſecond column by the numbers C and D, &c. 

4. Thea for the third columnof Diameters, and Semidiameters, it is thus 
perfeQted, add the two Tangents Tancing Topede? in each cell , and put che 
{um of them in the third calumn-:, in the line with the uppermoſt of the 
ſecond column ; So ſhall theſe ſums be the Diameters of ſuch Parallels in the 
projection as do pals through the above-mentioned degrees, choſen for the 
projetion. So C D added together, make E: GH make 1: L M make the 
number N, &c. hehe $7 

5. If half theſe Diameters be taken, by. a bi-ſeQion of the Diameters be- 
fore found, the ſame will be the Semidiameters , and are to ſtand in the ſame 
third columa, as the ſecond line in each cell ſheweth ; So E being Bi-ſe&ed 
makes F, I makes K, N makes O, &:. From theſe thus prepared the two 
fore-mentioned Tables will eafily be excerpted in this manner. 

6. The inferiour Tangents of each cell in the ſecond column, are the very 
numbers which do make upthe Table of InterſeAtons. If therefore, they be 
only tranſcribed , you ſhall have the ſame Table perfeQted, as HM, &c. in 
the ſecond column being tranſcribed, will make up PÞ QR, &*«. the full Table 
of Interſeftions. E777 

7. The differences of the inferiour numbers of the ſecond and third co- 
lumns, being gathered into the particular cells of the Table of Centers, do 
make up the numbers of that ſame Tables So D taken from F, makes $: H 
taken from K, gives T : and M from O, makes V : &c. And thus are the two 
Tables to be made up. | 


R q . as 4/4 Lb ", b wo all P of :. —< h * al po tad. © bas _= an 
, . * ka + "48 BD, l , - a Ma G | p , : "Is i» % K \ 
: *; v0 »Y 4 , 4 Z po uv TT Ry J 
. . 6 , a 0 
: : _. 
* £0 | ho, 
" bd -. - wm 

. 1 4 ? - Y £ 
_ : F + - _ 
# - F ” A I os \ = k..4 by . # % +4 
* = 


A £ os for the Horizontal ProjeQtion , made tothe Latitude 
_—_— zo Minutes,” ſhewing where every Parallel 


of 5 
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hae raſfh chrough each Degrees 'of the Ecliptick is to cut 


the Meridian Line. 


The 'Table' of InterſeRtions. 


7 Fa ol | up |= il x: [.,:F | Þ4 
o 2493 | 2802 | 3640 | 4823'| 6128 | 7226 | [30 
I 2493 | 2820 | 3676 | 4867 | 6172 | 7252 | 29 
2 | | 2493 |_2842 | 3709 | 4910 | 6212 | 7279] | 28 
3 | | 2496 | 2864 | 3746 | 4953 =_ 7306 | [27 
4 2500 | 2886 | 3782 | 4997. 14 . 7332 |. | 26 
5 | | 2503 | 2908 | 3819 | 5040" 453 7359 | [25] 
6 2506 | 2931 | 38545 | 5984. | 6379 | 7382 | 424 
7 2512 | 2956 | 3892 | 5120 | | 6420 | 7404 | | 23 
$ |} | 2515 | 2981 | 3929 | 5169} 6437 | 7427 | [22 
9 | | 2521 | 3003 | 3966 | 5213. |:6498 | 7449 | | 21 
10| | 2527 | 3029 | 4a06 4 5258 4{6540. | 7467 | [20 
11] | 2537 | 3057 | 4047'} $302 | 6597. 7490 1. | 19] 
[12 2543 | 3083 | 4084 | 5347} 6675 '66ig | 7508 | 118 
13 2552 | 3108 | 4122 5388 | 6652 & «woke ger 
14 | | 2561 | 3137 | 4163 | 5433 | 6690 | 7540 | | 16 
15] | 2571 | 31667 4200 | 5479 | 6728 [7558 | [15 
6 2583 | 3195 | 424f | 5500. | 6766 | 7572 14] 
17 2596 3224 4283 5566 '6 O5 | 758 LEE 
18 2608 | 3252 | 4321 | 5608 | 7839 | 7600 I2 
Ig 2620 | 3281 | 4362 | 5654 | 6873 | 7609 | | 11 
20| | 2633 | 3314 | 4404 | 5696 | 6911 | 7623 | | 10 
21| | 2645 | 3343 | 4445 | 5739 | 6946 | 7632 | 9 
22] | 2661 | 3375 | 4487 | 5785 | 6976 | 7641 | |8 
23\ | 2676 3404. 4526 | 5828 7011 7646 = 
24| | 2692 | 3437 | 4568 | 5871 | 7046 | 7655 | | 6 
25| | 2708 | 3469 | 4610 | 5914 | 7076 | 7659 | | 5 
26| | 2726 | 3502 4653 | 5987 | 7107 | 7664 | | 2 | 
27 | | 2745 | 3538 | 4695 | 6001 | 7137 | 7669 | | 3 
28 | | 2764 | 3571 | 4738 7168 | 7673 | |2 
29 | | 2783 | 3607 | 4781 | 6084 | 7199 | 7673 | |1 
30 | | 2802 | 3640 4823 | 6128 | 7226 | 7673 2. 
Ee Xx tg W | X | SZ | VP | Hed: f 
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The Table of ' Centers, for the Latitude of $11 Degy. 30 Hin, 


This Table ſhewerh hoy far the Centers of every of the formet 


Parallels, are from the Center of the Horirontal Circle in the 
Horizontal Projection. 


MS, ""pe.._” . 4 _ 
S.. l » F es A - 4 
. . 
18 


| 
| 
| 


E[ENEINDLIENGAEEILH 
© | 3269. |. 5519 | '6339 | 7954 | 10673 | 14235 | [30 
t |] $269 | 5535 |\6380 | 8026 | 10789 | 14342 | |29 
1.9 5269 | 5554 |!6418 | B8ogg | nagg7 14451 [28 
3 | \ 5272 | 5573 |[6460 | 8173 ["tios | #4562 || 27 | 
4 | | 5274 | 5593 |i6502 | 8249 | 11129 | 14674 | | 26} 
S | [5477 [5612 [16545 |_8326 |. 11243 114787 |, [25 
'6 | | 5279 | 5631 ||6589 wa 11359 14593 | [24 
7 £554 5654 (6633 od 11477 549: 23 
| 2 
_ DLL 77 110679 | 590 - xx586 - 7 | = | 
9 | | 529x'] 5697 |[6724 | 3641 |} 1170g. $077 [121 | 
lo} | 5296 J 5720 6775} 87264 11834 | 15258 —| 20] 
11 | | $308 | 5746 | 6826 | 3812 | 11949 | 15359 | |19 
12| [5308 | 5770 | 6874 | BBgg | 12066 | 15941 I (18 
3 5315 | 5794 | 6922 | &g81 | ra185 15503 | 17 
14] | 5323 | 5820 | 6976 | 9072 | 12306 | 15587 | | 16 
15] | 5346 | 5849 | 7028 | 9163 12430 | 25670 | | 15 
16] | 5340 | 5876| 7082 | 9252 | 12556 | 15735 | | 14 
[171 | 5350 |.5904-|-7138 |. 9248 | 12684 |_19799 | | 13 
1?| | 5359 | 5933 | 7191 | 9438 | 12800 | 15864 | | 12 
MEFS ARAEMJE 
20 | | 5379 | $994 | @ 6 10 
21| [5390 |,6023 | 7369 |: — 13175 | 16017 | |9 
22| | 5402 | 6056 | 7430 | 9833 | 13284 | 16061 | |8 
23 5415 | 6086 | 7487] 9932 | 13411 16083 7 
24| | 5428 | 6120 | 7550-| 10034 | 13539 16128 6 
25| | 5440 | 6154 | 7615 | 10137 | 13653 26150,| |5 
26 | $456 6189 | y680'| | 10242 | -r3790_ EY 14 | 
| 27| 16195, |. |3 
[221 [5apa| 6228 (7707, E7 TEENS 
| IQ ©. 42 | 34329 | 26217 MIN 
OY A brk2h! 
Lok, 
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Thus are theſe two Tables to be made up. 


HECIEAM Bak bom one 


- $23 - I 30322 - 155258] I I 24933 
B 14: 24933] F 77627 


: 


| 4 
| — 


2 ſaſn[o]-/ 


1 G 13839 16641 2801 
--[- 28615 k $3207 M Q : 


X 54- 
X us 

Y $8.30] L 163185] N 199582] Re 
Y n= 3639; © 99791] © 50397 


Ax 
Wi 
a 


Z 64.1 207321 2$5555 $2 
2 7 i 4823 127777] Y 49234 


OO — 


70.00! 274748 336028) 61282 
31-39 61280 16801 


cn momma 


m 
74.21 56 77 429212] __ 22 
F 3$-51 5 44- 214606] 70995 


6.00] 4qoto7s a770a 6 


| - —— 


Precepta ſuperiora, charafteribus compendioſe expreſſa. 


A 


33 Deg-15 min- + = Complement Latit. = k 


>7b, c,d, &c. in tab. Gow =X, Y, Z, &c. 


Quorum arcuum Tangentes ſunt C, D, G, H, L, M, &c. 
C+D=E. G):H=I. L+M=N, &c. 


E= FE. f EST N= O, &c. 


= 


D=P. H==Q. M.=R, &c. Atquehze cft tabuls laterſeftionum. = 
F—-D=S,K—H=T. O—M=V, &c. Atque hec eſt tabula Centrorum. 


And here, it muſt not be forgotten; that the Precepts of up theſe 
Tables, are to e 0s ner pt Yn 23 deg. 3o min. for in thoſe 
Laticudes , whi - Aw _—— Er 
interfe&t South at all; but altogether upoathe 
Nerd, nadthes, for ſuch ML rater) St eag not be taken 
out of the Latitude, but the Latitude out of them, and ſo the Superiour Arks of 
the ſecond Column will at firſt decreaſe in ſuch Latitudes, and after again in- 
creaſe, and the par ern Ls for ſuch Parallels as are altoge- 
ther North, of which only we now ſpeak be made by the Differences 
(norSums) of the Newborn of he fre CNS 7 And bums (ot Dif 


TEnCES 
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rences) of the Numbers in the Sixch Column, give the Diſtances of the Cen- 
ters of ſuch Parallels we now mention, from the Center of the Inftrument. 
Now to krow how many degrees of Declination will interſe& bath Lines on 
the North fide of the Meridian, ina North Latitude is caſie: Namely, all thoſe 
Parallels whole Declination fromthe EquinoQial is greater than the Latitude, 
and none elſe. And for thoſe only , all this caution is made ; The reft of the 
Table for other Patallels muſt be finiſhed as before preſcribed ; and what is true 
here of North Latitude, and North Parallels, is reſpe&tvely true of South La- 
titude, and South Parallels, 


SECT. III. The Delineation of the Parallels iipon the Inſtrument. 


tain the whole Work) and quartered the ſame, and ſet gut partitions for 

e limb, to divide itas the uſual manner is into 360 deg. youare tomake a De- 
cimal Scale of the ſamelength, with the innermoſt Semi-Diameter of your In- 
{trument, for this Scale by help of your Tables will pitch out the whole Work. 

For looking firſt into your Table of InterſeQions, ſee what the firſt Number 
there iþ, namely, 24932, take this in your Compaſſes upon your Decimal Scale 
from 2 forward, as the Letters ok «and 6 dg declare; the ſame length. of a 6 
will reach upon the South part of the. Meridian , from Z the Center of your 
Inftrument unto A.upon the Meridian Line, which gives the Poigt of Interſe- 
Qion between the Parallels of iS, and tle Meridian. So the ſecond Number 
being taken in your Compaſſes from the Decimal Scale, Wa oh the leogtli 
Z c, {ſhewing where the Paraltel of & and = is to pals through the Meridian. 
The third Number ſo ordered, will give the Point z, the fourth o, the fifth », 
the ſixth », and the laſt will give' x, where the reſt of the Parallels of wand 
x, = and Y, m and X, 7 and =, and laſtly v,muſt interſect withthe Meridian. 

After theſe Points of InterſeQions, you are next to prick down your Cen- 
ters afſwering to them. For the firſt Number in the Table of Centers being 
taken from the Decimal Scale, and pricked down upon the North part of the 
| Meridian from Z (towards N) and it will reach to A. And $6. the ſecond 
Number will be extended from Z to E, tlie third from Z to I, the fourth to O, 
the fifth to V, the ſixth to M, and the ſeventh and laft toX.. * 

Having gone thus far, the reſt will be cafie ; For if you ſet, your Com- 
paſſes from A, the firſt Center, to « the firſt laterſeQion, you'mgy.deſcribe the 
firſt Parallel of Canter : And ſhif from E the ſecond Center, yoll, extend toe 
the ſecond InterſeQion, you ſhall deſcribe the ſecand Parallel p through 
e: and {6 forward wi the reſt, having du Bw to every InterſeQion 
with his proper Center : 'Andthus are the Parallels to be deſcribed, amon 
vill paſs through! W and E',Cac!reor 
Wi [ W and E ,,cach te! n 
ſomewhat a Nl Line tha the reſt, an | 
come in for want of due ſpace', as about Geacer and Copricorn,: where they 


A's you have deſcribed the Circle upon the Horizon (which is to con- 
t 


grow cloſe, there may you putin every fifth or tenth only, which will ſerve-int 


« 


thoſe narrow ſpaces as well as more, + . - , 


159 


h 0, is the @quinoQiial, and if {the true dofie, © 


recery Ao rd will" 
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SE CT. 1V. The Delineation of the Hony Cirtles. 


elevated 51 deg. 3o min.) in this manner. Take the Complement of 

e Latitude, viz. 38 deg. 30 min. and half it, which will be 19 deg. 15 min. 
ſeck then the Tangent of 19 deg. 15 min. you ſhall find itto be 34921 , take 
this upon your Decimal Scale , and prick it upon the Notth part of the Me- 
r.dian from Z , towards N, you will findit to fall in P, that Point P therefore 
i5 the North Pole in this Projeftion, through which all the hours now to be 
drawn muſt paſs. 

The firſt hour Circle to be deſcribed is the hour of fix, upon which all the 
reſt have their dependance ; now to cffeCt this, you are tolook for the Secant 
of your Latitude (which is as before 5 1 deg, 3o min. )which will be found to be 
160638, this Number taken out of the Decimal Scale muſt be extended up- 
on the South end of the Meridian from Þ, and you ſhall find it will reach unto 
B ; upon B therefore as your Center with the diſtance BP, deſcribe the Hoiit 
Circle of 6, which, if al be right, will paſs through the Points of E and W 
exaQtly , where the EquinoQual alſo curteth, if it be juſtly deſcribed ; now 
through the Point B, with the Center of this hour of 6, draw the infinite Line 
CBD, both ways perpendicular to the Meridian ZSB , for upon this Line 
ſhall ſtand all the Centers of the other Hour Circles, which to deſign you are 
ro work thus: | 

Make a ſecond Decimal Scale, equal in length toB P, the Semidiameter of 
the hour of 6, then b wes the Canon of Tangents, take out of this Scale, 
firit, the Tangent of 15 deg. or 1 hout, which will be 26794, and prick it 
down upon the infinite fine CD, both ways from B to F,-and from B to G; 
Again ſeek the Tangent of 3o deg. which is 57735 , and take it in the fame 
Scale , and prick it down upon the Line C D, both ways to H and 1; Third: 
ly, ſeek the Tangent of 45 deg. 100000, which ſet as before, will juſt reach to 
C and D. Then fourthly, the Tangent of 50. deg. 173265 Will fo reach to 
K and L : Laſtly, ſet the Tangent of 75 dey. which is 353205, from B to R, 
and from Bro T. This done, if now you ſet ohis foot of your Compaſſes 1a 

Frumev, you ſhall 


F Irſt you muſt prick down the North Pole ( which in onr ſuppoſition is 
t 


F as a Center , and open the other to rhe Poifit P in the In 

deſcribe the hour Circle of 7, of the Eaft ſide of the Meridian, and carrying 

one foot with the ſame extent wats G, will reach woro P ugait, which ſwept od 

the other ſide, will deſcribe the hour of 5. . fs in ſame mannet may 

you deſcribe from H and J-& hor Centers of the hout, of 8 and 4, palſiog 
1d upon Cand | 


indy + the fame PointP, V: D as before, you 
* TeLineCD ima x the hours of g and 3; * And from K and Lyithe hour of io and 
Ad Nt 2, Laſt, on Rand T, the hours of 17 aid, all Whichare exa&ly. to pals 
raded from B, through the Pole; And fo the like is to bedbie forthe half houts, &+.. 

rf or wh af roon Uh this Place) tht Letters RK and & Teontd hc be 3 21s Ptphre-plined according 'as Wile Wie Tangrie 


Thus have we done with thoſe Lines which do properly belbng tothe Pro- 
jeQtion: but becauſe the Inftrument, if it paſs thus, will not perform all the 
uſes for which it is intended, I have therefore added other Lines to it , which 


=_ ner without Oy any of the Work, the deſcription whereof 


SE CT. V. 
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S E C T. V. The Deſcription of what Lines fe added to the Projes 
ftion, which vary not with the Latitude, as the ProjeFtion it ſelf doth, 


Ount from N to & and &, both ways upon the Limb, the Sun's greateſt 
Declination 23 i deg; and draw the Chord & &; then look the Secant 
of 23 deg. 30 min. in the Canon of Secants, which will be found 109044, 
take this upon your firſt Decimal Scale, and priek ic down upon the Meridian 
from Z to4, then again ſetting one foot of your Compaſſes in h , open the 9- 
ther to 5, and defcribe the Arch &, Y, wv. os: | 
Again, Havitg obſcurely drawn the croſs Diameter of Eaſt and Weſt, take 
fo much of it as may conveniently be uſed on both fides the Center, namely, 
Z &s, anddivide it into 11 equal parts, and of the ſame equal parts let Z v 
npon the Meridian contain 12, then draw the two ſtreight Lines Y S, on botli 
fides of the Meridisn : theſe may be called the Tria Lines, to diſtinguiſh 
them from the reſt : Thus are all the Lines to be drawn,now follows the man- 
ner of thetr Diviſion. 


SE C T. VI. The Diviſun of the Triangular Lines. 


Ivide each of thoſe Lines firſt into twoequal partsat 6 and d: then again 
divide each of thoſe halfs ky 5 5,d =, 4d & into 45 ſuch parts as a 
Tangent Line of 45 deg. or a Radius of that length would require , ſo ſhall 
each of the whole Lines contain go parts, unto each 3o Divitiaa whereof are 
the CharaRers of the twelve Signs to be ſer. 


SE C T. VII. The Diviſionof the Ark aid Chord. 


()) the Limb of your Tnftrument, number the Complement of Latitude 
from N to p, and draw the Infmite Line Z p, then prolong the Chord 
S and Y both ways, ſo ſhall it meet with Z p, at #; Now tothe Redins bn, 
deſcribe the Semicircle » & r, cutting the Meridian exrended at +, and divide 
this Semicircle into 180 equal parts, or d ; Which donie, if you firft draw 
right Lines from eachdegree thereof to the Center b, and beyond, till it croſs 


through the Ark divided in the Inſtfument , *{as'you ſee each 3oth degree in 1, tn iT, 
a Linu ifs 
ſtd Sint. 


the Scheme doth) ou ſhall by that means diyide the Ark into its proper parts. 
Secondly, if from each degree on both fides #, you draw Lines p: to the 
Meridian of the Inſtrument Z &, till they cut through the Chord, they will fo 
divide the Chord into its requiſite parts. | + *" WM. 

Hitherto have you ner had the whole deſcription of the Inftrument it ſelf 
in every part, after which all Taperfluities being firſt drawn away , you muſt 
alfix ſach Charafters and Figures as are ty to help you in your ſeveral 
Accoums ; to theeffefQti the Picture « ſelf will be of di- 
redtion, and nach better thanmany Words, | 


SECT. VIII 


t9t 
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SECT. VIIL Of the Ruler, 


Here remains only a Ruler to be fitted to the Inſtrument, the breadth 
| whereof may be as you will, about the 10" or 12" part of the length, 
and the length to reach over as a Diameter to the whole Planiſphere , you 
muſt take care that the fiducial edge be very ſtreight, and at the middle of it 
a little Semicircle left, whoſe Center A, being truly placed, upon the very mid. 
dle Point of the fiducial Line muſt be pierced through with a {mall hole, that 
ſoit may be fixed through it, to the Center of the Inſtrument at Z. Nextof 
all, you are to fit the Ruler for the Graduation, which is done by drawing two 
Lines parallels to the fiducial edge; one very near it to receive the degrees, 
the other farther off, to receive the Figures for DiſtinCtion, and Numeration. 
For the Graduation of ir, ſet off the length A B both ways from A , equal 
to ZN, the Semidiameter of the innermoſt Circle of the Planiſphere, which 
is alſo equal to your firſt Decimal Scale ; then the eaſieſt way, to graduate it 
will be by the joynt help of the Canon of Tangents, and your Decimal Scale , 
in this manner ; look into the Canon for 45 deg. and it will be 100000, equal 
to the number of the whole Scale, and thoſe are ſignified upon the Ruler al. 
ready by A B, A B; then look half adegree leſs, namely, 44 whoſe Tan. 
ent is 98269, take that out of your Decimal Scale with your Compaſſes, and 
Ratiog one foot in A, with the other draw the firſt Diviſion, between the edge 
and the parallel Line next to it, upon both ſides the Center A; Then again, 
Look the Tangent of half a degree leſs, 24z. 44, whole Tangent js 96568, 
which take off, and ſet it both ways from A, as before, and thus proceedby 
half degrees till you have gone down thr the forty: five firſt whole de- 
grees of the Canon, and then you ſhall find that you have inſcribed twice 45 
degrees, that is go parts upon each half of the Ruler, which repreſent ſuch de- 
grees as here are required, every 10® and'15thgof them tmultbe diftinguiſht 
from the reſt with a longer Line, and numbered inwards towards the Center 
by 10, 20, 30, &c. to 90, as in the Figure ſufficiently appeareth,; , After this is 
ended, you are to pinn down the Ruler to the Inſtrument, as is before ſhewed, 
and then will your Planiſphere be fitted to the uſes which now follow. 


Woe BY Wh es if 
An Explanation of "the Circles, and Lines in the ProjeStion. 
FT Limb of the Planiſphere repreſenteth the Horizon of the place 


for which it is made ; The Diameter N $S ſtand for the Meridian 

whoſe SeQtions with the Horizon at N-and S, ſjgnihe the North and 

' South Points of the ſame Horizon, and-the Points W and E, being 

each a quarter of the Circle diſtant from the former, dorepreſent the Points 
of Eaſt and Weſt, and a Diameter drawn through them and the Center, isthe 
prime Vertical or Eaſt and Weſt Azimuth ; The Center noted with Z, ſigni- 
hes the Zenith or Pole of the Horizon. The Ruler thereof, being fixed there- 
to, ſhall repreſent any Azimuth, or vertical Circle, all which do paſs through 
the Zenith Point, and the degrees and numbers upon the Horizon, will ſhew 


what Azimuth from North or South, the Ruler being fixed at any place doth 
repreſent. 
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repreſent, The degrees upon. the Ruler deriote the degrees of or-all the 
Pens and ſo perform the Office of Almicagnters, pr Parti 2 Altitude 
above the Horizon... /. pt nt [20]  Lotoq | 

Within the Projettion it ſelf, the Point P upon the Meridian ſignifies the 
North-Pole, and all the Circular Lines meeting there, (but ſpreading over the 
whole Superhicies) are the Meridians of the Sphere ſuch as ſtand for the hours 
of the place , according whereunto they have their Figures ſet upon them, 
ſhewing what hour cach for them ſtand tor. 

The Parallels which croſs through the Meridian, or hour-Circles, are the 
Diurnal Arks of the Sun at ſeveral times of the year ; There are ſo many of 
them drawnasthe Inſtrument will well contain , the reſt muſt be rlvel by 
imagination to paſs between them that are drawn, even ſomany as may an- 
{wer to. every degree of the — And according to that ſuppoſition, 
each 3o® deg. or Parallel hath ſuch CharaQters, or Signs annexed unto it; as 
it doth cutthrough in the Ecliptick, and the intermediate Lines ſtand for thoſe 
3o Parallels that pals through the 36 degrees of each Sign, and accordingly 
muſt be eſtimated, and numbred. 

The other Lines whichare inſerted, are not properly of the Projeion, nei- 
ther ſhall any explication of them be needful , more than whea it is treated to 
ſhew the uſe of them. ' | 


—_— 


Cauap.. IIL 


The Uſe of the Planifpbere, digeſted into ſeveral Propoſitions. 


Ome of the Propoſitions of this Chapter have been delivered by o- 
thers, what:l have added of, my own, or omitted of theirs, may eafily 
be found by comparing their Books with this. © Their only purpoſe be- 
ing barely to perform theſe things upoa the-laſtrument, and to go no 
farther ; that uſe indeed may. be made of ; this Chapter, but my in- 

tent is beyond theſe, for that which is here performedis premiſed only, and 

prepared for what is to be done, in the next Chapter , which is the only aim 
and ſcope, which theſe three firſt Chapters drive at. +, -: 


epiry te; ail ie Faralel Koonng roles 


Vis may know the degree of the Sun in the Ecliptick (if no better way) 


well enough for,your purpoſe b remembers the ds . upon which 1n 
ererh Mogeth inter moth vera Signs and allowing the motions of i, 
to be one degree every day, ſo thall you know bow, many degrees. it is gooe 
into any Sign, or how many degrees it wants to come tothe beginning of the 
Sign, 25 gu 71 know the Sun entreth into m2 the x3 day, andithax the P 
day wants, dayzgdche 13 : Therefore I conclyde the Sun to'want.f1x; der 
grees of #2, and ſo to be. ig.the 24 of 1; And again,for Aaguf 36,be 
15 three days more than 13, (the day of the Sun's eptrance mto mw) theres 
I fay that the Sun is in the third degree of m: And theſe Nores gives (near) 
their beginning, Fax. 11 =, Feb.8 %, March 10 Y, April 1o v, ay 11 =, 
Fune 11 S, Fuly 13 9, Aug. 13 mt, Sep.13 4 m, Nov.12 7, ae” So 
D n 


S'E CT. I. : To find the Degree of the Feliptick that the Sun it in 


19} 
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Then to find the Paralkcl for 1 of Fug? is nothard ; For if you remem- 
ber every Sign hach 30 Parallels upon the Planiſphere, (cither exprefſed or ro 
be ſuppoſed, or ſupplied by imagination) you may accordingly find where the 
24 Parallel from & to nt is to be placed, and fo i a Line to run all a- 
long even with the reſt, and the ſame ſhall be the Parallel of the day, and the 
like may be done for all days of the Year. 


SE CT. II. At any time to find the Sun's Azimuth. 


Bſerve the Sun's Akitude, or io what Almicanter the Sun is by a Qua- 
drant, or otherwiſe, as is ſhewed in the fourth Chapter by the Semi- 
circle, count this Almicanter or Altitude upon the Ruler, and (keeping it up. 
on the due Coaft from South , either Weſtward, or Eaftward, according as 
you made your obſcrvation either in the Morning or Evening) moveir cill the 
Altirude thereon numbred, do meet with the Parallel of the w whereupon 
your obſervation was made, and there fix it, ſo ſhall it lie in the ſame Azimuth 
wherein the Sun at the time of obſervation was, and the Numbers in the Ho- 
Tizon or Limb, will give you how many degrees that Azimurh is from the 
South, if it ſhall be required : Example, at Zoxdon, Latirude 511 #, obſervari- 
on made wg. ſeventh, the Sun in & 24, Altitude 35 Evening, Parallel & 24, 
Azimuth 65 4. 


SE CT. III. To find at what Altitudes above, or Profundities (or 
Depreſſuons) under the Horizon , every bour-circle cuts upon any Azj- 


muth. 


He Ruler being laid to the Azimuth, as in the former Propoſition , or 
otherwiſe, will ſhew rhe things required of it ſelf, As ſuppoſing the 
Azimuth to be 65 | from South toward the Weſt, as was now found out, then 
ſhall the hours above the Horizon cut thofe number of degrees and minutes. 
Namely, 12 cuts go, as it everdoth, 1 cuts 79, 2 cuts 63,73 curs 43, 4 cuts 17 3 
deg: and theſe are to be accounted Altitudes above the Horizon :, then out of 
the other part of the Ruler, 5 cuts 7 deg. 6curs 274, 7 cats 424,'8,*53, 9, 633 
To, 712, and 11 cuts 8odeg. below the Horizon. And note ever, that from 
the Center -of this Inſtrament towards thar ain of he Ruler whereon 
Altitude of the Sun, and parallel for the day do. interſeR, '1 fay,on that 
of the Ruler the Interſe&ions of the hours are to be accounted Altirudes 
the Horizon to the Zenith of thoſe yery hours that do interſe&: Oa-the 
other part of the Ruler the Seftions are tb be leet I - of Pgv- 
fundities under the Hortzon down to the Nadir, not of thoſe bourgfhard 
interſeQ@ rhe Ruler or! that Coaſt us they ge phceon the ; Of 
their oppoſite hours'in the contrary part of the Hezvens'; which chey nay 
well do becauſe cach oppoſite hours areequal m rhis refpe&, one withe o- 
ther ; and'f in our Example though, 6 7, Fc. hbtirs lie ypog'theNomh- 
Eaſt" pate of the Horizon' the roing yerby: | you are" to und 
ſind the fame hours of 5, 6, 7, &t, on the Sourh-\ eſt pitt of the Heaveas 
on the Evening tide. OURS 11 LED DIE 
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SE C T. IV. Td find what 'Nwonher of Degrees each How bears 
eth from 1 2, upon the Limb or Horizon of the Inſtrwnent. 


His is eaſie to be done, for in a ProjeQtion for Zendon ; you ſhall find i t 

and 1, to be diſtant from 12 at Noon, 11 deg, 51 min 16 and 2 are di- 

ſtant 24 dc I9 MIN. 9 and 3, 38 deg. 3 mia. 8 and 4, þ dep. 35 min. 7 and 
5, 61 deg, 6 min, 6 and6 are diſtant go degrees. Solikewile, you may find 
5 in the Morning, and 7 at Night, to be diſtant upon the Horizon from the 
South 108 deg 54 min..and 4 in the Morning with & in the Evening to be di- 
bh 126 deg. 25 min. the ule of this Propoſition will appear in the next 


SE CT. V. To find upon the Platiſphere, +. The Parallel of the 
12 Signs. 2, The Parallel for every length of the Day. 3. The Pas 
«© rallel of every known Declination. of LIVE 


I. Or the firſt, which are the Parallels of the beginnings, at any other 

part of every Sign, the Inſtrument it ſelf will ſhew readily , becauſe 
there are the Characters of the Signs annexed to them, and rheſe Parallels ars 
ſo framed that they anſwer to each degree of rhe Ecliprick, asin the firyfture 
of the Inſtrument is declared, and in this Chapter, Propoſition the firſt. 

2, For the Parallels noting out the Juſt ] of day, look intothe Ark and 
Chord mentioned Chap. 1. SeR. 7. for thoſe two Lines will help you in this 
fully after this manner, Let the day be 14 hours long, take | that lengch,v4z. 
7, that ſhews the tice of Sun ſetting ; to this time reckaned in the ſame 
Chord now mentioned apply yourRuler , {o ſhall it ſhewyou yupanthe Ark, 
the place in which the Sun is rhat reme when the dayis 14 hours long, which 
is. or 1, 29 at London, If then according to Propoſition 4:4a thisChaprer, 
you look for thet degree of 7aurts 1, pr Zeo 29, amongſt the Parallels there 
th of the day to paſs along, {o if the 

that length 5 4 ſhews the time of 


_ 


, 
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SE CT. VI. The Interſeftion of any Hour-Circle with any Pas 
rallel being aſſigned, to find what Altitude the ſame ſhall have above the 
Horizon. | 


His is uſeful for many purpoſes, (as hereafter is ſhewed)) and moſt eafie 

? tobe performed z For having your Parallel given , you by the laſt Pro- 
poſition , 1hall ſee quickly where every Hour-Circle cuts through the fame ; 
unto thoſe InterfetNions apply your Ruler , fo ſhall the degrees of the ſame 
Rulcr, being counted from rhe Horizon, ſhew you the Altitudes required: So 
in & 1,07 4 29, when the day at Zondor is 14 hours long, the Sun's Altitude 
at 9 or 3 a Clock will be 36 deg. above the Horizon: And in & 19 degrees, 
the Sun's Altitude at 9 and 3 a Clock, will be 38: degrees ; and fo of all 0: 
ther Parallels and Hours. .© | © Le 3 9 


SECT. VII. The Deſcendent Point of the Ecliptick being aſtigned, 
to find, 1. What Point of the Ecliptick is in any Hour-(rcle, and 
2. What Altitude it hath. Fa 


ſuppoſed tobe Q, lay your Ruler at © in that Line betwixt N and E, and'mark 
ws 4. it cuts the Limb, namely, at 2 5 degrees from 60 towards 50. Now 


f.% is rizog at Z | 
youapply __—— $ 25 deg. in the hour of 10, you.ſhall find | Altirade 
of it. 404. ,,The like, may be done for any, other Sign, ar degree; "Abd te- 


member thax when ©. js deſcending, then is = the oppoſite * 
bove the Horizon , and el is done for the deſcendingof & 
for theaſcending of =. D 


< 


SECT. VIIL 
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SECT: VIH: The Culmmant Point of the Ecliptick being aſigned, 
fo find at that time; 1. What Pot- of- the Ecliptick-i4-m any ;Hours 
Circle, 2: *What Allitude #Þath theſe.” <q 

He Culminant Point, is that Point which is in the Meridian at any time: 

This Work will be ſomewhat eaſier than the former, as will beſt ap- 

pear by an Example : Suppoſe at Zonde# (or any where elſe, for the firſt part 
of the 4 > yang is general, and thereforea man may make Tables if he liſt; 
for this fir{t part of ,the Propolition, which will ſerye tor all Latitudes) the be- 
ginning of Zeo were Culminant;/and' 1 would know what degree of the Ecll- 
puck is in the Hour-Cirele of 8-in the Morning: Becauſe from the Meridian 
to 8 a Clock, is 4 hours, or 60 deg. and that forward ſecundum ſeriem ſigno- 

r»m , therefore Gt 1 apply the Ruler to Lin the Triangular Lines, where it 

cuts in the Limb 2 7 deg.'from 60 towards 50's from thence I count 4 

hours or' 66 deg; forwards towards N, which will fall in the Limb upon the 

quarter N, -W\ or 2 ; 'deg. from N, and then the Ruler ſhews upon the Tri- 
angular Line about = 3'deg,tobe in the-$ a Clock hour : Now the Altitude 
of :that Point in'that/hoor, is v7 degrees, as the Ruler applied toit will ſhew : 

Again, if the beginning of 1 beſuppoled Culminant, and 1 would know what 

degree is in} the hour of 5 Afternoon at that ſame time 5 becauſe-from the 

Meridianto 5 a Clock, are 75 degrees, and that contre ſer. fgxoram ;" therefore 

having firſt laid the Ruler upon the 'beginning of & in the Triangular Lines, 

which cuts as before, 2 + deg. from 66 towards'50, in the Limb,'from whence 

I count backwards towards E and S, in the Limb #95 deg. which will fall pa 

4+ deg. from 50 toward 40 'in the South Equator, and the Ruler being laid 

here will cut upon the Triangular'Line on the o_ part of the' Inſtrument 
about the tg deg. of & , and ſuch'is the deg; of 'the Ecliptick, which poſſeſ* 
ſeth the hour of 5 a Clock Afternoon, when the beginning of & is in the Me- 

Tidian. $01917'Þ 6 
Then for the ſecond thing which is particular to every Latitude, if Fe ap- 

ply the Ruler to the 19 deg. of v, in the hour of 5, you ſhall find the Altitude 

of that Point to be 23 deg, inthe Latitude of Zomdow: The oppoſite Points 
are in aw ore _ low vo Auer at - ona time fre the be- 
inning of $ is in Culmination, or the beginning of the oppolite = is int 

Fo Cell is as eaſie to be underſtood. 

What Propoſitions ſoever are here done for hours (as what Altitude any 
thing hath upon Hour-Circles,) do-the ſame alſo upon Azimuths , for there 
_ be > uy of them hereafter, in putting the Furniture intoTefrated Water- 
Daials, &«c. | | 
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APPENDIX. 


The Deſcription of the SEMICIR CLE. 


monly known, that 1 ſhall not needto lay.any thing of the Diviſion 
of either of them, eſpecially ſince the Figure of it is here ready to 
repreſent the ſame as fully as can be required ; only remember that 
I call MN the Semidiameter of it, and LK the Diameter, - ;, ;\ 11 
The difficulty that 5s, is in the contrivance of it. The Limb aboye the Semi- 
circle noted with 1 K, muſt beof ſuch breadth, that if 'the Thred hang upon 
the Diameter LK, the Plummet may haye liberty enough without | 
the Ruler AB at all: upon that breadthalſo you are to ſet two: Loops as at E 
and F, through-which the Ruler muſt have juſt room to {lip up and down as 
occaſion ſhall be { and that it may be faſtned from ſlipping when it is required 
it ſhould be fixed, you muſt ether make two Scrues at the back-fides of thod 
Loops, or two Wedges, ſach asare: ſignified by G and H, which Wedges muff 
be ſo ſhaped, that though they be looked, yetthey ſhall not flipout, and to har 
purpole,at their leſſer ends they have lirtle knots left, as the Figure declares. 
Yet if you draw out the Ruler to:turn the other edge of it towards the Semis 
circle, {as fometimes of force ygu muſt) then may the Wedges be taken our if 
need require; and again, firſt; put in before the Ruler, that when the Ruler ig 
putin, they may be kept therezandnot loſt. The Ruler being thin as of Braſs, 
or other Metal, ſuch as this Figure repreſents, muſt be ſharp at both ends of 
one of the Edges, as the Picture ſhews, butif. it be of Wood, and ſo become of 
more thickne(s; 'then muſt you line the two'very ends of. the edge of your 
Ruler: with & little plate of Braſs like the Figure R O P, laid in ſ{treight and 
even with the:end of the Ruler, and atthe end of that plate make two ſbarp 
points, a5 OandP do mapifeſt, ſtanding even. with the two! very edges of tha 
upper flat of the Rule; And ſo the otherend of the Rule muſt be placed up- 
on the lameedgein the fame manner. | 
L!t the Ruler be Now inftead of this Semicircle in narrow places, and where room 1s want- 
_ _ ing, may 8 Lrianglc of paſt-board beuſed for the elevation, or depreſhion 
=e $906 Fr 4, any thing, che Figure whereof appears with the Semicircle. it 
Cemicircle, 


T He Semicircle it ſelf, andthe two Squares that are in it., are ſocom- 


The uſe of the Semicircle is general ; As, upon a Line drawn any where, to 
projeft any Altitude or Depreſſion above or below the Horizon , from a 
fixed Pomt that ſtands at a diftance from that Line. 


& will be con- He manner is eaſie: For if you hold the edge of your Ruler ta the fx- 
—_ Bn | edPoint, and alſo apply the point of that edge to the Line given, re- 
cles o ſevra! moving it higher , or lower, till the Thred hanging down by the {ide of the 
biezſs. Semicircle direfted to it, at full liberty , do fall upon the Altitude intended, 

then doth the Ruler lie ac the Altitude or Depth, and projet it from the fixed 


Point 
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Point into the Line; as is required s: You muſtin this Work (as ocedſion is) tur 

the Ruler, and remove your Setmicircte, and & itt other occaſions. 7 q 

q Note , that whereſoever in'the following Precepts I tetition the Semi- 
circle, a Quadrant ſo fitted with a Ruler; and divided on both lides, will 
ſufficiently ſerve the turn © | 


C #4e. IV. 
A general and moſt eafte wy ty" projet Hour+Lines upon all kids of Super 
ar 


ficies without any regard hail to their ftandmg , either in reſþeft of Des 
clination or Inclination. F EY, 


Þ om. Att A we AY AE . 4 4 


Et a/Gnomon, being firſt ed imtoa Point, be ſhaped, and faſtned 
in ſuch wiſe, that it no way hinder either the draught of the Hori- 
zontal'Line, or the Point of the ſhadow from. having free acceſs'ro 

| the Didlat all times of the Year. "a; 

2. Draw an Horizontal Line, by help of your Semicircle in a true Level 
both in regard of it ſelf , and alſo to the Point of the Gnomon, through the 
whole Superficies on which the Dial is to be deſcribed. Or having rwo Points 
in the ſame Level with the Point of the Gaomon, proje& it upon your Super- 
ficies, if it be a rugged one. | And if the Superficies be more than one , or if 
any of them be m_—_ inclined toward the Horizon , or elſe be very rug- 

, or far remote the Gnomon, ſo that it will not at all, ornot ſo'well, re- 
ceive an Horizontal Line upon it, you may Either ſet up ſome Board, or ſuch 
like Objet, upon which for 2'time you are to inſcribe the Horizontal Line, 
and by help of which the Hours are to be projefted upon the Superficies ; Or 
elſe (which perhaps will be better) you may- extend a Thred in the Air (it 
mattersnot which way, nor whether from the Gnomon towards the Sun, or 
from the Sun : whether ſtretcht out in one length, or with returns, ſo long 2s 
it lieth juſtly parallel, in every Point of it , to the Horizon, and in the fame 
Level with the Point of the Gnomon : ) which being fixed inthis manner, will 
very well ſupply the uſe of the Horizontal Line: or the Horizontal Line 
may be partly Thred , and partly drawn upon the Superficies, as occaſion 
ſhall be. And upon it may any Point be transferred, and ſigned out by flip- 
ing knots of Thred tied upon it. 

3. Upon the Superficies of the Dial, obſerve the Point of the Shadow of 
the Gnomon {malang a mark at-it) and the'Sun's Altitude , both of them at 
the ſame inftant of crime, | - 

PAY the Alritude obſerved , compute the Azimuth of the Sun from tlie 

5. The fame Azimuth muſt'be transferred unto, or projeRted upon, the 
Horizontal Line by help of a Perpendicular Thred , covering to your fight 
(as it hangeth down) the Poirits of the Gnothon and Shadow both together ; 
and atthe faine view cutting through the Horizontal Line: obſerve chen pun- 

Quually where ir cues through the ſame Line, for thar ſame'SeQion being fign- 

cd thereon, ſhall be the Azimuth projefted into the Horizontal Line. 
6; Let any kind of board or paſt-board be now applied to the Point of the 
Gnomon ; fo, as that it may be ſtaid, either vpon the Horizontal Line {where 
It 
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it may ſo be conveniently) or at leaſt ſo pliced toward the Horizontal Li 
that 4 may havea juſt re pet unto 1t, and in that poſture ma have ſome Nay 
for the edge of it to reſt upon, that after it is furniſhed with ſuch neceſſary 
Lines as muſt be drawn upon it ,-it may beplaced in its former' juſt pofture 
without any Impeachment. Upon this Plain ſo. placed, let the Point of the 
Gnomon be ſigned, which may be called the Center ; and. from this Center, 
tothe Sign of the Azimuth, before projected into the Horizontal Line, draw 
a right Line : this right Line ſodrawn, ſhall repreſent upon the board or paft- 
board, the ſame Azimuth which was before compured. 2 

7. Then taking away the ſame Plain, draw upon it the Meridian or Line of 
12 ; extending it from the Center before noted , at the true Angle that it 
hath from the Azimuth before computed and deſcribed, and alſo toward the 
true Coaſt of the World. And let it be extended on both ſides the Center if 
need be. | | 

8. To the Meridian fo pitched upon the pu draw (from the Center ) 
the Lines of an Horizontal Dial made to that Latitude wherein you are. 

9. Then again, let the plain board or paſt-board be applied to'its former {i- 
tuation , the Center of the Horizontal Dial refting upon -the: Point of the 
Gnomon, and every thing elſe anſwering to the fame juſt poſture that it had at 
the firſt. Which done, let a Thred be fixed in the Center of the Horizontal 
Dial, by help whereof you may transfer every hour from the paſt-board into 
the Horizontal Line. Let every hour be therein noted (by fixing marks upon 
the Horizontal Line where it is drawn, or by ſlipping kaots fer uponthe 
Thred, where a Thred Horizontal Line is uſed) eſpecially mark out the hour 
of 12: For which ( if it chance to run beſides the Superhicies) ſome kind of 
Obje&t /whereon the Horizontal Line is alſo to be drawn} or an Horizontal 
Thred muſt be faftned, that may receive it, till ſuch time as your Dial be 
hniſhed, 

19. After all this, take your Plain away (for there will now be no more need 
of it) and conjecture whereabout the Axis of the World, would paſs from the 
the Point of the Gnomon to the Poles of the World, for into that place is the 
Meridian to be projected. Which that it may be done more commodiouſly, 
if no obje& ſtand in the way that will receive it, you muſt place one there , it 
matters not whether above or below the Gnomon, chuſe that which is moſt 
convenient : Or, a Thred laid aſlope in the Meridian juſtly as it ought , will 
ſerve as well as may be. If then you hold up a perpendicular Thred, fo that 
by your eye you may ſee the Point of the Gnomon, and alſo the Point of 12 in 
the Horizontal Line, both together , the ſame Thred ſo hanging, ſhall ſhew 

where the Meridian is to be drawn.Or,you may extend a Thred from the Point 
of the Gnomon to the Point of 12 in the Horizontal Line, which Thred ſhall 
repreſent the Line of 12 : And-ſtaying your Thred there, cloſe toit, hang up 
two perpendicular Threds at a good diſtance , ſo ſhall the ſame two Threds, 
give you the track of the Meridian Line. 

11, The next Work will be to proje& one of the Poles of the World that 
namely , which lies the ſame way that this proje&ed Meridian doth from the 
Point of the Gnomon) into this Meridian. And this is done by elevating or 
depreſſing your Semicircle, from the Point of the Gnomon towards the Meri- 
dian Line, according to the Latitude of your Place ; for ſo will the Ruler of 

the Semicircle, or a Thred extended along by it, Sign out the very Pole Point. 
If now you extend a Thred from this Pole Point, to the Point 'of the Gnomon, 
the{ame ſhall repreſent the Axis of the World. 


12, Laſtof all; by theſe helps, all the hours may eaſily be projetted. . 
[| 
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if the eye dqlay, or projeR this Thred or Axis upon each Point of thoſe hours 
that were,inſgrted before no. the Horizont: Line, the Axis upon an hour 
Point, or a Point upon the Axis, cach one 0 \Projeftions [hall repreſent 
upon your Dial, cach of the hours required, and will ſhew upon every Object 
that ſtands in the way, where the hours are to bedrawa, Or,. where conve- 
nient room is wanting to place the eye, ſo as it may make this Projeftion ; 
there may two Threds be uſcd for the : purpoſe one whereof :mult be faſt- 
ned tothe Point of the Gnomon, the other tothe. ole deſigned in the Mcridian 
Lioe. Then ſtretching one of the Threds to any. of the Points noted in the 
Horizontal Line, and holding ix, there, you may take the other, and extend ic 
to the Superficies, ſo as it may cloſely paſs by the firſt Thred, by which Work 
you may make as many Points upon your Superticies as you pleaſe, through 
which, each hour. is to be drawn. Having thus traced the way before hand, 
you may afterward draw the hours without any difficulty, 'be.the Supericies 
never 1p. irregular., Among ,which Lines., the Shadow of the Point of the 
Gnomongas it creepeth along, will ſhew the Time,of the Day, | 
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Let this ſtand as a briefer and leſs trouble jome "way, than the former : The 
Problem may be propounded more generally than before, m this manner. 


wherein the Hour-Lines and Axis ſhall concur, how tg proje&t the Hours 

to that Pojnt , and to ſet upan Axis after the, ordinary; manner to give 

Shadow to them without any knowledge how the Dial ſtandeth , in res 
ſpe either of Declination or Inclination. 

t. Tothe Point aſſigned (upon any [ide of it). by direQion of your Semi- 
circle or other Level , ſtretch out an Horizontal Thred, ſerving for the Hori- 
zontal Line; this Horizontal Line need not be one dire@ Line, but may be 
turned at one or.more Angles, provided that it lie totally in the Superficies of 
With a perpendicular Thred held up; projeRt the $un into the affigned 

2, With a I up, project the Sun into the afligne 
Poitit, and Zndo ihe Horizontal Thred, rial of Thred upon the 
ſame Horizontal, through which the Shadow cutteth. Ar the ſame inſtant al- 
ſo, take the Sun's Alticude, | ral 3 Go 

3. By wer pmeTt my, find out the Azimuth, This Azimuth, what ever 
it be, is re the kn KASCF 51 a8 | 

4. A; ly paſt-board ke aſſigned Point, and hold it flat that it may an- 
ſes tothe orizontal Thred alſo, and wpon this paſt-board protraQt your A- 
zimuth by a Thred extended from the Paint aſſigned for the Center, to the 
mark upon the Horizontal Thred;,. This dane, 

5. By help of that Aziniuth upon your paſt-bozrd , protrat the Meridian 
Line, obſerving the true Coaſt, and quantity of the Angle from the Azimuth : 
and to the Meridian deſcribe an Horizontal Dial. ; 

6. Applying the paſt-board to its place again , all things ſtanding right as 
before , project all the hours into the Horizontal Thred from off the paſt- 
board, and ſet marks upon the ſame for the points of each ſeveral hour which 

marks may belittle moveable ktiots to " 2 fro upon the ſame Fe. 
7« FI0 


I a Point be aſſigned upon any Superficies Flat or Curved, one, or more, 


ot 
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it may ſo be conveniently) or at leaſt ſo placed toward the Horizontal Ling, 
that it may have juſt reſpe& unto it, and in that poſture may have ſome ſtay 
for the edge of it to reſt upon, that after it is furniſhed with ſuch neceſſary 
Lines as muſt be drawn upon'it ,"it may be-placed in its former' juſt pofture 
without any Impeachment. Upon this Plain ſo. placed, let the. Point of the 
Gnomon be ſigned, which may be called the Center ; and from this Center, 
tothe Sign of the Azimuth, before projeQed into the Horizontal Line, draw 
a right Line : this right Line ſodrawn, ſhall repreſent upon the board or paſt- 
board, the ſame Azimuth which was before compured. Ges 

7. Then taking away the ſame Plain, draw upon it the Meridianor Line of 
12 ; extending it from the Center before noted, at the true Angle that it 
hath from the Azimuth before computed and deſcribed, and alſo toward the 
true Coaſt of the World. And let it be extended on both ſides the Center if 
need be. 

8. To the Meridian fo pitched upon the paſt-board, draw (from the Cehter) 
the Lines of an Horizontal Dial made to that Latitude wherein you are. 

9. Then again, letthe plain board or paſt-board be applied to'its former ſi- 
tuation , the Center of the Horizontal Dial reſting upon the: Point of the 
Gnomon, and every thing elſe anſwering to the ſame juſt poſture that it had ar 
the firſt. Which done, let a Thred be fixed in the Center of the Horizontal 
Dial, by help whereof you may transfer every hour from the paſt-board into 
the Horizontal Line. Let every hour be therein noted (by fixing marks upon 
the Horizontal Line where it is drawn, or by ſlipping knots ſet uponthe 
Thred, where a Thred Horizontal Line is uſed) eſpecially mark out the hour 
of 12: For which (if it chance to run beſides the Superficies) ſome kind of 
Obje& (whereon the Horizontal Line is alſo to be drawn} or an Horizontal 
Thred muſt be faftned, that may receive it, till ſuch time as your Dial be 

hniſhed, 

19. After all this, take your Plain away (for there will now be no more need 
_ of it) and conjeQture whereabout the Axis of the World, would paſs from the 
the Point of the Gnomon to the Poles of the World, for into that place is the 
Meridian to be projected. Which that it may be done more commodioully, 
if no objeQ ſtand in the way that will receive it, you muſt place one there , it 
matters not whether above or below the Gnomon, chuſe that which is moſt 
convenient : Or, a Thred laid aflope in the Meridian juſtly as it ought , will 
ſerve as well as may be. If then you hold up a perpendicular Thred, fo that 
by your eye you may ſee the Point of the Gnomon, and alſo the Point of 12 in 
the Horizontal Line, both together , the ſame Thred {o hanging, ſhall ſhew 
where the Meridian is to be drawn.Or,you may extend a Thred from the Point 
of the Gnomon to the Point of 12 in the Horizontal Line, which Thred ſhall 
repreſent the Line of 12 : And ſtaying your Thred there, cloſe toit, hang up 
two perpendicular Threds at a good diſtance , ſo ſhall the ſame two Threds, 
give you the track of the Meridian Line. 

11. The next Work will be to proje&t one of the Poles of the World that 
namely , which lies the ſame way that this proje&ed Meridian doth from the 
Point of the Gnomon) into this Meridian. And this is done by elevating or 
depreſſing your Semicircle, from the Point of the Gnomon towards the Meri- 
dian Line, according to the Latitude of your Place ; for ſo will the Ruler'of 

the Semicircle, or a Thred extended along by it, Sign out the very Pole Point. 
If now you extend a Thred from this Pole Point, to the Point of the Gnomon, 
the ſame ſhall prong the Axis of the World. 


12, Laſtof all; by theſe helps, all the hours may eaſily be projetted. No. 
i 
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if the eye dalay, or projet this Thred or Axis upon each Point of thoſe hours 
that were, inſerted before intq. the, Horizontal Ling , the. Axis upon an hour 
Point, or a Point upon the Axis, cach one of ole ProjeQtion 


Dial, each of the-hours required, and will ſhew upor ui reprelens 
UPOA YOUT LAA?, Cacht OL TE NOQUIS TEQUITEG, and WIN INEW Upon E by 
that ſtands in the way, where the hours are to bedrawn, Or, i gel PPS 


nicnt room is wanting to place the eye, fo as it may make this Projeftion ; 
there may two Threds be uſed for the ſame purpoſe, one whereof :mult be faſt- 
ned tothe Point of the Gnomon, the other to the Pole deſigned in the Meridian 
Lioe. Thea ſtretching one of the Threds to any.of the Points noted in the 
Horizontal Line, and holding x, there, you may take the other, and extend it 
to the Superficies, ſo as.it may cloſely pals by the firſt Thred, by which Work 
you may make as many Points upon your Superficies as you pleaſe , through 
which, cach hour is to be drawn.-, Having ,thus traced the way before hand, 
you may afterward draw the hours without any difficulty; 'be.the Superticies 
never (o, irxegular., Among which Lines., the Shadow of the Point of the: 
Grnomon, as it creepeth along, will ſhew the Time,of the Day. | 
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Let this ſtand as a briefer and leſs troubleJome way, than the former : The 
Problem may be propounded more generally than before, m this manner. 


wherein the Hour-Lines and Axis ſhall coneur, how rg projeft the Hours 

to that Point , and to ſet up an Axis after the, ordinary: manner to give 

Shadow -to them without an) knowledge how the Dial ſtandeth , in re» 
ſpe&t either of Declination or Inclination. 

x. Tothe Point aſſigned (upon any {ide of it) by direQion of your Semi- 
circle or other Level, ſtretch out an Horizontal Thred, ſerving for the Hori- 
zontal Line; this Horizontal Line need not be one dire& Line, but may be 
turned at one or.more Angles, provided that: it lie totally in the Superficies of 
the Horizon. 

2. With, a perpendicular Thred held up, proje& the Sun into the aſſigned 
Poitit, and into the Horizontal Thred, and tic a little mark of Thred upon the 
fame Horizontal, through which the Shadow cutteth. At the ſame inſtant al- 
ſo, take the Sun's Altirude, | Ed 3c Fra 

3. By the Alcitude taken, fitid out the Azimuth, This Azimuth, what ever 

it be, is repreſented by the knot. G4 

4. Apply a paſt-board tothe aſſigned Point, and hold it flat that it may an- 

ſwer to the Horizontal Thred alſo, and pon this, paſt-board protraGt your A- 
zimuth by a Thred extended from the Paint afhgoed for the Center, to the 
mark upon the Horizontal Thred;,. This dane, —  _ 

' $5. By help of that Aziniuth upon your paſt-board , protraE the Meridian 
Line, obſerving the true Coaſt, and quantity of the Angle from the Azimuth : 
and to the 9p deſcribe . Horizontal Dial. +3 « $ , 

6. Applying the paſt-board to its place again , all things ſtanding right as 
before TG all ron hours into os Horktonel Thred from off the paſt- 
board, and ſet marks upon the ſame for the points of each ſeveral hour which 
rarks may belittle moveable ktiots to "w ——I_g fro upon the ſame "—_ 

7: rT0+ 


I a Point be aſſigned upon an Superficies Hat or Curved,. one, or more, 
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- Proje&t the Meridian Point by a perpendicular Thred ppon ſome gbje( 
ins hat ihiep whereabouts you imagine the Axis of the World would a 
above or below from che Point aſſigned for the Center. 

8. With your Semicircle elevated or en. 56m (as it ſhall be required) 
from the Point afſigned for the Center, according to your Latitude projeQ the 
Pole of the World. | | 

9. Extend a Thred from the Point affigned for rhe Center to the Poles © 
the World, which ſhall repreſent the Axis. roo : 

10. By rhe Point vpon the Horizontal Thred, and this Axis (either by your 
eye, laying the Axistothe hour-points, or laying the hour-knots to the Axis) 
you may proje& all the hours and draw them ; Or elſe yu may let the Axis 
alone, and content your felf with the Pole-pomt projetted into the Meridian 
for if from the point aſſigned tobe the Center or meeting of rhe houts and 
Axis, you extend a Thred to each hour-point in the Horizontal Line, and'd> 
repoſe (with your eye) the ſame Thred upon the Pole-point, then ſhall the 
Shadow of the Chred pive-you that hour-line, and do fo inall the reft. 

11. Your Thred or Axis lying in its true ſituation , you may eaſily fit an 
Axis to the ſame poſture. If your Dial be deſcribed upon a plain Superkicies, 
you may then {by one ſide of a Nominal Square, __ to a Thred or Axis, 
and the other (ide lying upon the plain) find out the ſubſtile, and meaſure from 
it the elevation of the Axis above the plain : But if the Dial be deſcribed up- 
on a curved Superficies, you rtwuſt be content to {et up your Axis by the dire 
tion of the Thredonly. : 4" rt) 

12. This point aſſigned for the Center being a point of the Axis, is as it 
were the Apex of the Gnoman, unto which all the Work is projeQted. But if 
it be required to fet up an Axis to ſuch a Superficies, upon which the Axis agd 
hours wil not meet in any tolerable manner, becauſe perhaps the Axis may be 
but of very ſmall eleyation abave the Superficies, and yet an Axis is required: 
in this 4 ſet up any point (of Wire, or ſuch like) of ſuch diſtance from the 
Superficies, as that the Axis and hours may bediſtinQ : And through that 
point let it be required tomake the Axis paſs, you have no more todo but only 
ro proje& to this point, as before, by letting the Shadow of a perpendicular 
Thred paſs through that point, and noting the fame upon your Horizontal 
Thred and counting, that end of the Wire as your Center ,” proceed as before, 
for the Thred thar lies to proje&t the hours is a pattern for the Axis. 

This way is as general as the former , ſerving ro proje@ the hours upon 
many Superficies, be they plain or curved,” and however firuate whether con- 
riguous, or ſeperate, and that without any laborious inquiſition of any of their 
Situatians , jn reſpeQ of Inclinatianor Declination. If you will put in that 
Furniture which 1s uſual,you muſt make fome mark Mk ny or button?) upoa 
your Axis, unto which {as repreſenting theCenter of the World). by help of 
your Semicircle you are to the Alritudes '6f ſuch great or leſſer Circles 
as you intend to inſert; As hereafter ſhalt be taug 

he 12 Propoſitions in the firftway were po projet toan Apex. 
£ Theſe 12 Propoſitions an{werable 'm the ferbnd way are, to projettoan 
Axis. | | 
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Cuapr. VI. 


Being a Third Way, of drawing Hours upon all Plains whatſoever, by the 
Joynt Uſe of the Semicircle .md Horizontal Projeftion or Planiſpbere, 
Without knowing their Situation at all. 


(1.) To draw the Hour-Lines upon any Plain. 
(II. ) To projet Howr-Lines upon any Superficies, not Plain. 


I, Hape your Gnomon into-fuch a Form , and ſet it in ſuch order, as 
that the Shadow of the Apex may not be hindered from coming 
clear touny of the hours at all times of the Year, and to the Apex 
' of it draw an Horizontal Line, by the help of your Semicircle, which 

s inſtead of a Level. 

2. At any time (except betwixt 10, and 2 a Clock) obſerve the point of the 
ſhadow, and make a mark atit; and foagain, when the Shadow is gone a good 
diſtarice forward, make a ſecond obſervation of the end of it, and mark it alſo - 
Thefe Obſervations are not neceflary to be made upon the ſame day, but may 
be done at leaſure , only it muft be remembred upon what days they were 
made ; And more Obſervations may be made; but not fewer. 

. Theſe 2 Points thus noted are to be taken; Firſt,as 2 Azimuthal Poiats ; 
therefore the Azimuths whereto they belong muſt be projefted upon the 

Pla in this manner. Hold a perpendicular (Fhred,or what elſe) to oh Tow maybet ſet 

of the Gnomon, and then keeping your eye at a good diſtance from the Thred Y,: >" = = 

that the Work may be the more exa&t?) remove your eye untill you ſee your peo ix :- 
firſt mark upon the Plain; or hold a perpendicular any where , and move Fon mare. 
both it and eye till you can ſee tho Thred tocur both the Apex of the te Gwmr's 

Gnomon, and the Point upon the Plain, then mark ſome other Point under the ?*i=t either ap- 

appearance of the Thred upon the Plain , fo ſtreight Line drawn _=_ the jr, x0" 

Plain from theſe two Points ſhall be that Azimuth-Line, wherein the ſhadow 


| that they avpeer 
of the Apex was firſt obſerved, and it muſt be drawn over the Plain blindly, *Mp=diaiar 


as faras conveniently it may 'both. & 5nd downwards: in the fame ® 
manner muſt the ſecond Aziturh be proj arid drawn through the ſecond | 


Plain, which may receive the afbreſaid Azimuths projeted upon them! tie, #7 1, 

y the Thred held as before, all under one Work. _ CIR 

4. Theſe two Points are again to be confidered as the Points of two Almi- Pleniſpber oe 

canters, to which, that you may know what they are, apply one point of the Senicircle 
Rulerof the Semicircle to the firſt of them, and the edge of the Ruler to the 
Apex of the Gnomon, the Semioirde it ſelf in the mean time hatiging down 
right with his Thred and Plummet at full liberty ; fo ſhall the Thred a- 
m 
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onoſt the degrees of the Semicircle ſhew you what Almicanter, or Altitude 
rs Sun was net that time, of the firſt obſervation ; the like muſt be done. for 
the {econd; and if you have need hereafter of more Azimuths, you may 
make more Obſervations. T8 

5. The next work will be.to inſert points into the Azimuthal Lines. through 
which to draw hours : And forthis purpoſe you muſt have recourſe to your 

Horizontal ProjeQtion, and lay the Ruler thereof to the Situation anſwering to 
vour two Azimuthal Lines, as is ſhewed inthe remembrance Fa Chap. Propo- 
ition the ſecond, and the Ruler fo laid is'an Azimuth, the fame with your 
firſt Azimuthal Line drawn upon the Plain ; Wherefore af the Alritudesiand 
Profundities of every hour upon that Azimuth, or Ruler fo laid be neted, as 
is ſhewed in the Third Propoſition,Chap.3. and accordingly by the Semicircle 
be inſerted into the firſt Azimuthal Line, below and above that Horizontal 
Line, you ſhall have the points of 12 hours, which may be for the preſent 
blindly figured, that you may only know them again. The manner how to 
inſert them is by keeping the edge of the Ruler of your Semicircle to the A- 
pex, and the foot of it to the Azimuthal Line, where ever It be, either plain 
or board, +. ſtill moving it therein higher or lower, till upon the- Semnicmgle; 
and Plummet hanging right down, the Thred'ſheweth the: Altitude required. 
The Alritudes are to be ſet below. the Horizontal Line, and the Profundities a- 
bove. In the ſame manner you muſt count the ſecond Altitude upon the Ru- 
ler,and apply it to the proper Parallel of the day when your ſecond obſervation 
was made, and fo = place your Azimuthal Ruler upon the Planiſphere-in 
its due Situation an{wering to the ſecond Azimuthal Line npon your Plane; 
and upon it ſo laid, having ſeen what Altitudes and Profundities each of. the: 
12 hours have, you muſt expreſs the ſame Altitude and Protyndity upvn yaur: 
ſecond Azimuthal Line, in-like manner as you did before upon the firlt , and if, 
you have any more, you may do the like upon them, though two will ſerye; 
rurn, P3-$1 ; 

- 6. Such Points then as fall upon the Plain will give you where to draw the: 
hours, if like be joyned with like; as if you draw a right Line from the point! 
of 4in the firſt Azimuthal Lineto the like point of 4 in the ſecond, that ſame 
ſhall be the Line of 4, and fo of, all the reft, both whoſe Points fall upon the ; 


* This Popll Plain it ſelf. * But for the Teſt you muſt by a Thred projeft them with yaur 


an may bt 


for all Supe Cye in this manner : Faſten a Thred tothe Apex of your Gnomon, and ſtrerch.; 
113,44 will 43 jt with one hand from thence to any point on: the Azimuth neareſt to you;(Or, : 


Flats. 


contrarywile,if it ſhall be conyemient faſten it at the hour-point-upon the As 
zimuth,and ſtretch it tothe Apex of the Gnomon, and beyond if need be) then. 
holding the Thred ſtill;tura your eye, till-ir repoſe the Thred upon the anſwer: 
able Hour-point upon the other Azimuth; ſo ſhall the Thred give to your-eye 

the traft of the hour to be drawn upon the Plain. And in this manner. you, 
may draw all the hours except 12, for that hour-point falleth always. into. the 
very Zenith and Nadir point, where the two Azimuthal Lines concur, which : 
are direQly under and above the. Apex of the Gaomon, ſo that you have not 
two diſtin points to dtaw it through, as you have for the reft of the hours; ; 
for that theretore we muſt have ſome peculiar way which, may firſt be this. 
q 1. Having cleared your Plain of all neceſſary ſuperfluity of Boards, Lines, 
and Figures , &c. Obſerve where 6 a Clock: cuts the Horizontal Line , for if 

upon a palt-board applied to the Horizontal Line you draw a Line from that 

SCtion, to the Apex of the Gnomon, and from the ſame Apex draw another: 
upon the paſt-board perpendicular to the former , extending it till it cut the. 
Horizontal Line, the point where is cuts isthe point through which 12 moſt 
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paſs, if then you hold a perpendicular Thred till through it you ſee the Apex 

of the Gnomon, and that poiat together, the appearance, or ſhadow of the 

Thred upon the Plain is the Line of 12 required. © 2. Another way may be 

by choſing any other hour,as well as 6: for if you obſerve upon the Horizon 

or Limb of the Projection, what degrees lie betwixt it (ſuppoſe g, and 12} 

you may apply a paſt-board as before to the Horizontal Line, and from the 

SeQion of 9g thereon, tothe Apex draw a Line, and upon the paſt-board out 

of the Apex as a Center delineate that Angle, and draw a Line for it, ſo ſhall 

that Line bethe hour of 12 upon the paſt-board, and ſhew upon the Horizon- 

tal Line where 12 {hould be, which may be projeCted again as before. © 3. 

Another way will be if you'l prolong any one of your Hour-lines (but the 

farther from 6 the better, for 6 is altogether unfit for this Work) that way 

which from the Apex of the Gnomon, you ſhall conceive to go toward the 

Axis of the World (which your own knowledge of the Heavens will dire& 

youin) there the Ruler of your Semicircle being kept at the Apexof the Gno- 

mon, the point of it may be removed upon the hour till ſuch time as the Plum- 

met hangs at your Latitude, and the Ruler then will lie in the Axis of the 

World, and at the foot of your Ruler ſo placed in that Hour-line make a Point. 

This Point 1s that which in other ways of Dialiog,is the Center of the Dial, to 

this therefore the hour of 12 muſt come; If thea you by-@ perpendicular 

Thred, will ſee the Apex of your Gnomon and this Point together , the ſame 

Thred ſhall upon the Plain, ſhgw you alſo the place where 12 muſt be drawn. 

And riote that from the points upon one Azimuth tv this point (found by the 

third way) you might draw or projet all the former hours, or moſt of them, 

in ſuch ſort as is ſhewed before. And further be ever mindful-that you draw 

all the Hour-lines (in what place of the Plain ſoever they happen to be) down 

that way that they may come under the Horizontal Line, by ſufficient exten- 

ding them thither z for otherwiſe they will not be of any uſe: ſince the ſhadow 

of the Apex is always under, never above the Horizontal Line. 
Theſe Precepts though they are here ſet dowa as for plainneſsonly, yet the 

ingenious will eaſily find how to apply them toany curved Superficies ; onl 

the Work inthem will be a great deal more , and of more trouble ; but thele 

will be better done by my laſt way , which is more ſimple and general than 

this : yet notwithſtanding for the Furniture of Dials, both here and in my laſt; 

I intend to make uſe of this way by the Horizontal Planiſphere, which is the 

ealieſt that ever was, And when I mention the Horizontal Planiſphere:1 would 

not have the Reader think , that theſe things can be done by no other Inſtru- 

ment ; for the Mathematical Jewel of Mr. Blagreves firſt contrivanice, ſince Mite, The 4«4- 

amplified by Mr. Fohn Palmer ReQtor of Eon in Northamptonſbire, will do. fy bo 

theſe things to all Latitudes, whereas this will do them but for Dials in one La- awwvoſul, and 

titude ; and otherways I can do, and ſo I doubt not but others will alſo find , «lute 19fa- 

but I would have him know this withal,that no one ProjeQtion is ſo calie for , 

this Work, as this, and therefore I made choice of it, and have fitted it with nbich 1 =« 

ſuch Linesas I could yet find to be moſt uſeful for the purpoſe intended, 1 '«& rar 
roceed therefore to ſhew how by it and the Semicircle, all that other men 

. writtenon this SubjeCt may moſt eaſily be performed. je | 
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onoſt the degrees of the Semicircle ſhew you what Almicanter, or Altitude 
ts Sun was gh that time, of the firſt obſervation ; the like muſt be done for 
the ſecond ; and if you have need hereafter of more Azimuths, you may 
make more Obſervations. | EY : ; 

5. The next work will be.to inſert points into the Azimuthal Lines. through 
which to draw hours : And for this purpoſe you muſt have recourſe to your 
Horizontal ProjeQtion, and lay the Ruler thereof to the Situation anſwering to 
vour two Azimuthal Lines, as is ſhewed inthe remembrance Fa Chap. Propo- 
firion the ſecond, and the Ruler fo laid is'an Azimuth, the me with your 
firſt Azimuthal Lins drawn upon the Plain ; Wherefore if the Altitudes.and 
Profundities of every hour upon that Azimuth, or Ruler fo laid be neted, as 
is ſhewed in the Third Propoſition,Chap.3. and accordingly by the Semicircle 
be inſerted into the firſt Azimuthal Line, below and above that Horizontal 
Line, you ſhall have the points of 12 hours, which may be for the preſent 
blindly 6gured, that you may only know them again. The manner how to 
inſert them is by keeping the edge of the Ruler of your Semicircle to the A- 
pex, and the foot of it to the Azimuthal Line, where ever 1t be, either plain 
or board, &c. ſtill moving it therein higher or lower, till upon-the- Semicngle, 
and Plummet hanging right down, the Thred'ſheweth the; Altitude required. 
The Altitudes are to be ſet below the Horizontal Line, and the Profundities a- 
bove. In the ſame manner you muſt count the ſecond Altitude upon the Ru- 
ler,and apply it to the proper Parallel of the day when your ſecond obſervation 
was made, and fo again place your Azimuthal Ruler upon the Planiſphere-in 
Its due Situation a to the ſecond Azimuthal Line npon your Plane+: 
and upon it fo laid, having ſeen. what Altitudes and Profundities each of. the: 
12 hours have, you muſt expreſs the ſame Altitude and Protyndity upvn yaur 
ſecond Azimuthal Line, in-like manner as you did before upon the firit, and if 
you have any more, you may do the like upon them, though two will ſerye; 
turn, FE 7 i 

.. 6. Such Points then as fall upon the Plain will give you where to draw the: 
hours, if like be joyned with ike ; as if you draw a right Line from the pojae! 
of 4.in the firſt Azimuthal Lineto the like point of 4 in the ſecond, that ſame 
ſhall be the Line of 4, and ſo of all the refit, both whoſe Points fall upon tha; 
Plain it ſelf. * But for the Teſt you muſt by a Thred projet them with yaur 


for all Supyp- Eye In this manner : Faſten a Thred tothe Apex of your Gnomon, and ſtretch. | 


>a wil a4 it with one hand from thence to any point on: the Azimuth neareſt toyou;(Or, 


contrarywile,if it ſhall be conyenient faſten it at the hour-point upon the As 
zimuth,and ſtretch it tothe Apex of the Gnomon, and beyond if need be) then: 
holding the Thred ſtill;tura your eye, till-ir repoſe the Thred upon the anſwer- 
able Hour: point upon the other Azimuth; ſo ſhall the Thred give to your eye 
the traft of the hour to be drawn upon the Plain. And in this manner, you 
may draw all the hours except 12, for that hour-point falleth always, into. the 
very Zenith and Nadir point, where the two Azimuthal Lines concur, which 
are direQly under and above the. Apex of the Gnomon, ſo that you have not 
two diſtin points todtaw it. through, as you have for the reft of the hours; :; 
for that theretore we muſt have ſome peculiar way which may firſt be this. 
q 1. Having cleared your Plain of all neceſſary ſuperfluity of Boards, Lincs,. 
and Figures, &c, Obſerve where 6 a Clock: cuts the Horizontal Line , for if 

upon a paſt-board applied to the'Horizontal Line you draw a Line from that 

Settion, to the Apex of the Gnomon, and from the ſame Apex draw anather. 
upon the paſt-board perpendicular to the former , extending it till it cut the. 
Horizontal Line , the point where it cuts is the point through which 12 moſt: 
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paſs, if then you hold a perpendicular Thred till through it you ſee the Apex 
of the Gnomon, and that poiat together, the appearance, or ſhadow of the 
Thred upon the Plain is the Line of 12 required. « 2. Another way may be 
by choſing any other hour,as well as 6: for if you obſerve upon the Horizon 
or Limb of the Projection, what degrees lie betwixt it (ſuppoſe g, and 12) 
you may apply a paſt-board as before to the Horizontal Line, and from the 
Seion of 9 thereon, tothe Apex draw a Line, and pon the paſt-board out 
of the Apex as a Center delineate thar Angle, and draw a Line for it, fo ſhall 
that Line bethe hour of 12 uponthe paſt-board, and ſhew upon the Horizon- 
tal Line where 12 ſhould be, which may be projeCted again as before. © 3. 
Another way will be if you'l prolong any one of your Hour-lines (but the 
farther from 6 the better, for 6 is altogether unfit for this Work) that way 
which from the Apex of the Gnomon, you ſhall conceive to go toward the 
Axis of the World (which your own knowledge of the Heavens will dire& 
you1n) there the Ruler of your Semicircle bein kept at the Apexof the Gngo- 
mon, the point of it may be removed upon the till ſuch time as the Plum- 
met hangs at your Latitude, and the Ruler then will lie in the Axis of the 
World, and at the foot of your Ruler ſo placed in that Hour-line make a Poinr. 
Thus Point 15 that which in other ways of Dialiog,is the Center of the Dial, ro 
this therefore the hour of xz muſt come; If thea you by @ perpendicular 
Thred, will ſee the Apex of your Gnomon and this Point together , the ſame 
Thred ſhall upon the Plain, ſhgw you alſo the place where 12 muſt be drawn. 
And note that from the points upon one Azimuth to this point (found by the 
third way) you might draw or projet all the former hours, or moſt of them, 
in ſuch fort as is ſhewed before. And further be ever mindful that you draw 
all the Hour-lines (in what place of the Plain ſoever they happen to be) down 
that way thatthey may come under the Horizontal Line, by ſufficient exten- 
ding them thither; for otherwiſe they will not be of any uſe: ſince the ſhadow 
of the Apex isalways under, never above the Horizontal Line. 
Theſe Precepts though they are here ſet dow as for plainneſs only, yet the 
ingenious will eaſily find how to apply them toany curved Superficies ; onl 
the Work in them will be a great deal more , and of more trouble ; but theſe 
will be better done by my laſt way , which is more ſimple and general than 
this : yet notwithſtanding for the Furniture of Dials, both here and in my laſt, 
I intend to make uſe of this way by the Horizontal Planiſphere, which is the 
ealteſt that eyer was, And when I mention the Horizontal Planiſphere:1 would 
not have the Reader think , that theſe things can be done by no other Inſtru- 
meat ; forthe Mathematical Jewel of Mr. Blagreves firſt contrivanice, ſince Me, the 4«c- 
amplified by Mr. Fohn Palmer ReQtor of Eon in Northamptonſbire, will do. mh, nf 
theſe things to all Latitudes, whereas this will do them but for Dials in one La- anvnſu, nd 
titude ; and otherways I cando, and ſo I doubt not but others will alſo find, —_ 
but I would have him know this withal,that no one ProjeQtion is ſo calie for ,,j,aumw f 
this Work, as this, and therefore I made choice of it, and have fitted ic with »bich 2 as 
ſuch Linesas Icould yet find to be moſt uſeful for the purpoſe intended, 1 {x raid 
roceed therefore to ſhew how by it and the Semicircle, all that other men 
ve writtenon this SubjeCt may moſt eaſily be performed. 
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Cnuare. VII. 


Upon a Plam (but not upon a curved Superficies) to make a Dial with an 
Axis, to any Point aſſigned for the Center, 


having aſſigned your Center, from it", draw hours parallels to the 
projettive ones , ſo are you furniſhed with hours. For the Axis do 


þ Irſt projeQ a Dialtothe Point of a Gnomon,the projeQive way , then 
thus : 


Note, That it muſt paſs through the Center of the Dial, and muſt be parallel 


to that Axis that was drawn from the Point of the Gnomon. 


Now to ſet it es parallel , it muſt be remembred , that when the 
Gnomonical Axis is repoſed upon the Center of this new drawn Dial, it muſt 
alſo cover the new Axis, that is, to your ſight, muſt lie juſt under it, and being 
limited to that Superficies you may the more eaſily ſtretch a Thred from the 
Center, parallel to the Gnomonical Axis : Or uſe your Semicircle being eleya- 
ted to your Latitude, and kept in the fore-named Superficies. 


— 


Cuae VIIL 
How to Projef Hours upen a GlaſsWindow , where the Hours ſhall be 


drawn within , the Gnomon ſtanding without Where you cannot come at 
it, 


—_— 


of the Shadow that it makes upon the Glaſs, making a mark at it, 
and take the Sun's Alritude at the ſame inſtant, whereby the Sun's 
Azimuth at that moment may be diſcovered. 

9. By helpof a Quadrat;Semicircle,or Level,draw an Horizontal Line upon 
the Glaſs , true to the Point of the Gnomon. This may be done if you hold 
the upper fide of your Quadrat or Inſtrument truly level 'with the Horizon 
(which the Thred falling upon the perpendicular Line will dire&t you to do) 
and the Inſtrument being kept ſo kvelled, muſt be firred up higher or pur 
lower, till ſuch time as your eye viewing along the forenamed level edge can 
diſcern the Point of your Gnomon. Obſerve at that time and in that po- 
ſture , where the Point of the Gnomon appears upon the Glaſs, and make a 
mark at it, and ſo do the ſecond time, and makea ſecond mark ; through theſe 
two marks a Line drawn will be an Horizontal Line upon the Glaſs, lying le- 
vel with the Point of the Gnomon. 

-- 3+ By a perpendicular Thred direQted tothe mark of the-Azimuth, and to- 
the point of the Gnomon both together, the ſame Azimuth muſt be projeQted 
into the Horizontal Line upon the Glaſs, with the Seftion of the Horizonral 


Lige, and the Thred appearing upon the Glaſs will determine for you. : 
| | | 4. From 


LI. th your Gnomon with out-ſide the Window , and obſerve the point 


4. From this Azimuth muſt a Meridian Line be found out, wherein will be 
a little trouble, the way that 1 goabour it is this. © Apply a paſt-bord, as ABC 
D. to the Horizomal Line 'upon the Glaſs which is A B. upon the paſt-board 
being held truly Horizonal Pros | iN 
jet with a perpendicular Thred 
the Azimuthal Point E which was 
before inſerted into the Horizon- 
tal Line AB. and let the Line pro> 
jected be CE. Then again (to- 
wards that Coaſt whereunto your | 
Meridian Line ſtandeth ) with a 
perpendicular Thred, proje@upor | 
the ſame paſt-board (held' Hort | 
zorital , and" in 'the fame place as | 
before) any other Azimuth at ad- 
venture, as F G. cutting through & 
the Point of the Gnomon' at G1 
and through the Horizontal Line 
at H. To FH. draw ED Paral- ST 
lel, and from'E C. which is your Azimuth before found, ſet: off E'M. for the 
Meridian ,- according to the true Coaſt and Angle. Next of all, you are to 
draw a Meridian Line parallel toE M, which may paſs through the point of 
the Gnomon , all which toeffe&there are many ways, amongſt them 1 will 
give this one. - From H draw H. I parallel to E C. cutting E D at 1. then alſo 
make E K'upon E Cequal to H. I. and from K draw K L parallel to A B. the 
Horrzontal Line cutting EM, in L ; And to KL make EN, upon the Hori- 
zontal Line equal; fofſhall N.'be the point of 12 upon the Horizontal Line, 
whereon it muſt be inſcribed, and N 12, being drawn parallel to EM. ſhall be 
the Meridian or Line of 12, upon the paſt-board (if there were any uſe of it 
there) fully reſpeQting the point of the Gnomon at G. | 


Or if you deſire to fave all this labour of theſe 4 precedent SeQtions, obſerve 
upon ſome other Dial, or by ſome Meridian Line before found, when the 
Sun comes to the Meridian ; and at the ſame inſtant make a mark upon 

. the Glaſs at the point of the Gnomon's ſhadow, ſo ſhall that mark be one 
point of the Meridian or 12 a Clock line. Bur this ſerves only tor ſuch 
Windows as look upon the South ; for North-Windows therefore, the 
former way muſt of neceſſity be uſed. | 


. $. Having found one point of x2 by one of theſe ways, you are next to pro- 
jeA the Meridian Line uponthe Chfs, which becauſe it isalſo an Azimuth,as 
well as'a Meridian may beprofeQed by help of a perpendicular Thred ſo held 
until the eye ſhew it at once to fall upon the mark of the Meridian noted 
before upon the Glaſs ; ard alſo upon the point of the Gnotmon z-the ſhadow 
then of this Thred ſo held ſhall ſhew upon the Glaſs where the Meridian is'ro 
be drawn; 'Remermber alſo to draw it both ways, that is above and belowths 


point of the Gnomon. OSOUT etktc) 
6. Into this Meridian you are next to proje&t the point through'which the 
Axis of 'the World w ſs, which if you were withont the' Window, and: 


could comet the poitit of the Gnomon, might be done as inthe other Dials by! 
the Semicirele; But becauſe you are within , and the Gnomon without; you 
muſt help your ſelf ſome other way, as thus. Hold your Sernicircle I 

rant, 
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drant, ſo as that the fide which muſt find the forenamed point may be eleya- 
ted according to the _ of the Pole, and being continually fo kept at that 
elevation and direQted alſo tothe point of the Gnomon, lift up or depreſs the 
Inſtrument, keeping one end of it always in the Meridian Line, until your eye 
viewing along that ſide that 1s ſoeclevated {hall direCt the ſame upon the point 
'of the Gnomon, and then diligently mark in what part of the Meridian Line 
it reſteth, for that point is the point required. 

7. Tothis point (which isa point of the Axis paſſing through the Gnomon's 
point , for to any point of that Axis the hours being deſcribed, the Gnomon 
will ſhew true) ſtretch a Thred! Horizontal Line level withit, and into this 
Thred Horizontal Line, by =P of a perpendicular Thred proje& your Meri- 
dian before found, that is, repoſe this perpendicular T hred being duly held, up- 
on the Meridian and point of the Gnomon both together, and at the ſame 
time obſerve where it ſeems to cut the Horizontal Thred, at the apparent in- 
terſeQtion faften a knot for the point of 12. You may alfoat the {ame time 
and view (all under one) proje& the Meridian upon ſome objeR Rtanding there 
where about you ſuppoſe the Axis of the World would pals , for the appear- 
ance or ſhadow of the Thred ſhews that alſoat the ſame view. 

8. To that point upon the Glaſs asa Center, apply a paſt-board, upon which 
from that Center to the Point of 12 draw the Line of 12. and to this Center 
and Line of 12. draw an Horizontal Dial upon the paſt-board, and applying 
the paſt-board to its former due place, projet the hours from the ſame into 
the Horizontal Thred, and faſten knots of Thred as marks of every hour. 

9. Proje&t the Meridian upon the top or bottom of the Room, or upon 
ſome obje&t placed in the way whereabout you imagine the Axisof the World 
would paſs, as is declared in the ſeventh SceQtion going before. , And with 
your Semicircle elevated or depreſſed according to your Latitude, proje& the 
Pole of the World from the forenamed Center, or Point uf the Glaſs into the 
Meridian now laſt of all fitted to receive it, and ſtretch a Thred from the one 
tothe other, which may repreſent the Axisof the World. 

10. By this Axis and the points of the hours upon the Horizontal Thred, 
you may eaſily proje& the Hour-lines upon the Glaſs , and accordingly draw 


them, and ſo finiſh up your Dual. 


Another Way t6 draw the Hour-Lines, may be thus. 


Having drawn what is preſcribed inthe Fourth SeQtion, you may piece out 
your paſt-board AB CD: /or transfer all the Lines upon it, to a larger paper 
where more room is) that it may contain the exteriour part of the Draught 
EGNH; This exteriour Draught you may therefore ſome ways ſupply, and 
to G being Center, and G Nthe Meridian, you may draw an Horizontal Dial, 
and proje& the hours upon A B. the Horizontal Line of the Glaſs or paſt- 
board. Now then if you apply your paſt-board ſo furniſhed with theſe Ho- 
rizontal Points, to its firſt Situation which it had, and transfer the ſame Points 
to AB the Horizontal Line drawn upon the Glaſs , then may you upon a flat 
Glaſs-window through thoſe Points draw ſtreight Lines from the Point of the 
Axts found by the Sixth SeQtion : which Lines ſhall be the ſame hours with 
them which were drawn the other way. Or, if the Glaſs-window be not flat, 
then you may by the 3 Points given (v2. the Point of the Axis, the Point of 
the Gnomon, and the Hour-points on the Horizontal Line )and a Thred, pro- 


jeft the Lines on a curved Glaſs Superficies. Remember that the Point ,meo- 
tione 


_—— — 
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tioned in the Sixth SeCtion, ſtands above the Horizontal Line, if the Window 
look South-ward, and below if the Window look North-ward. 


mats *. 


_- 
—— 
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How to delineate the Fours upon any Superficies , without that way by the 
Semicircle of elevating an Axis ; by obſerving both the Four and Azi- 
muth at one Altitude taken. 


71. 'þ a Gnomon. (2.) Obſerve the Sun's Altitude, and make 4 


mark of the ſhadow of the Gnomon's point both at one moment. 
(3.) By the Altitude conclude the Azimuth,and the hour or part 
of it. - ( 4.) Projet the Azimuth into the Horizontal Line. 
(5.) By that Azimuth protra@' an Horizontal Dial upon paſt-board, and a- 
mongſt the reſt that hour or part of an hour that was obſerved [which muſt 
be therefore calculated what Ang it maketh with the Meridian upon the Hos 
rizontal Plain thus. As the Radzss to the Sine of the Latitude: fo the Tan- 


+ 


2. Or, without obſerving the hour, but uſing the Semicircle do thus, keeping, 


points for one hour ; one in the Azimuth, the other in the Hor 
project the ſame hour by the Semicircle, and draw it, as alſo the Meridian. 


S$4k 4 * 


Hours being drawn to a Gnomon, bew make an Axis. 


The Point of the Index is one Poicit of the Axis, if inottier Point were 
known ; beſides, theii thight the Axis be drawn, or 4 Thred placed fo as 
the Axis ought to be. To find another Point uſe either of theſe two 
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t. Faſten one Thred from the Point of the Index to any one Hour:line a 
good way below the Horizontal Line, and another Thred to another hour thar 
may be 5 or 6 or 7 hours from the former (the more near to 6 hours the bet- 
ter) theſ. Threds being held or faſtned as is preſcribed, there muſt be ſtretch- 
ed out from each of theſe Hour-lines (in ſome other part) to their proper 
Threds, two Threds more , fo as that they may only touch (and not force up- 
on) the two firſt faſtned Threds, and theſe two Threds being brought toge- 
ther in that manner till they meer, and cut each other, this Pointe of lncerſoCt; 
on Will be another Point where through the Axis is to paſs. If therefore , a 
Thred be extended from the Point of the Index or Gnomoa unto this Point of 
Interſe&tion, the ſame Thred is the repreſentative Axis of the World, and an 
Axis of Iron (&c.) laid in place of it will give the true ſhadow for the 
Hour-lines. 2 

2. Or the Axis may be found thus. Faſtena Thred at the Point of the In- 
dex or Gnomon, and it out with your handtill you fee it to cover any 
one Hour-line, there hold it faſt by ſtaying or reſting Lao hand upon ſag ſu- 
ſtentacle ; Then try by your eye whether the Thred © ſtanding will cover 
another hour, that is 5 or 6 or 7 &«c. hours from the former, if it do fo, and do 
not make any Angles with it, then is it the true Axis ; If irdo not fo, then is it 
to be removed until it fit in ſuch manner as is declared ; fo may the pattern of 
the Axis be eaſily ſtretched out by a Thred, 


LO — 
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How to Projeft an Hour-Line from a Wall upon a Board, which ſtandeth 
a4 an binderance, ſo that you cannot extend any ſtreight Thred from the 
Point of the Gnomon (or Glaſs) to the ſaid Flour-line at all , becauſe 


of the ſame Board. 
NM mark, and the other end at a good diſtance from the Gnomon's 

, Point any where, then repoſe the Thred with' your eye upon tho 
Point of the Gnomog, and obſerye the ſhadow , or appearance of the Thred 
upon the Board, and draw a Line along with it. Again ſtretch your Thred 
out ſtreight to ſome other place, {o as you may ſee the Gnomon again ugder 
the Thred, and then mark where this ſhadow of this Kgond placed Thred 
ſremeth to croſs the former Line drawn upon the Board,there make one mark ; 


Ake a mark upon the Hour-line in any part of it ; Then extend a 
ſtreight Thred , one of whoſe ends let be faſtned to the foreſaid 


then again repeat the ſame Work, thatis, njake a new mark upon the Hour- 


line, and faftning a Thred to it, find out another Point upon the Board in the 


ſame manner as you did before, ſo ſhall you have a ſecond Point : Through 


theſe two Points you may draw your Hour-line. 


Note, that the Board muſt be ſuppoſed ſo to ſtand, that though you cannot 
came to ſtretch a ftreight Thred from the Gnomoa Point Ong pear of 
the Hourlline, yet you may have room to ſtretch a Thred crookedly over 
or under, or upon one ſide of the Board. X 


This Caſc ſuppoſeth a Board to ſtand between the Hour-line and the Gno- 


mon ; 
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mon bur if in caſe you were to ptojett the hour from the Board to the Wat! 
that 13 beyond it, do thus. | 
Make a mark in the Hour-line upon the Board, and ſtretch a Thred from 
the Gnomon to any part of the Wall, at a good diſtance from the Board, and 
repoſe this Thred upon the mark on the Board, thendraw the ſhadow, or line, 
that che Thred makes upon the Wall, and upon the other ſide of the Board 
roo, which you may do (if not both together, yet) after that is drawn upon 
the Wall, for by help of it you may ealily draw one upon the other ſide of 
the Board: Then again ftretch our the Thred to ſome other place of the 
Wall, and repoſe it again upon the fore-named mark, and obſerve then where 
ir croſſeth the former Lines drawn on the Wall, and on the other ſide of the 
Board , and make marks at thoſe croſſes. Thus again you are to do.over the 
ſame Work to another ſecond mark made upon the Hour-line, by which means 
you may draw the ſame hour-Line upon both Board and Wall, if need be, 
through theſe two firſt and ſecond crofſes found upon them. Now if it fall 
out that upon the Wall you cannot draw a Line though you have two marks, 
by reaſon the Wall is not flat, then will the Line {or one part of it) which was 
drawn upon the {ide of the Board that looks to the Wall } help you to projet 


upon the uneven Wall. For ſtretching a Thred through the two Points given - 


upon the Wall, and tying another Thred to any Point of the Hour-line drawn 
upon the face of the Board that looks upon the Wall, you may (by this tied 
Thred appli'd to the other ſtrercht Thred) projet the hour upon the un- 
even Wall. So that the Hour-line drawn upon the backſide of the Board 
{erves to do that which the Point of the Gnomon [if it could be come to) 
ſhould do. In the ſame manner the Wall will help to projeQ the hour upon 
the Board, if the ſame ſhould prove uneven. 


This Wark /at firſt) did not appear to me any ways uſeful: For if a right 
Line cannot be drawn from the Point of the Gnomon tothe Wall , how 
can the Sun-Beams (which is a ftreight Line) come at it from that Gno-» 
mon, and if itcomeat it what yſe is it of ? At preſent thinking it of no 
uſe (as many Notions of the like kind have forme times been to me;) Yet 
this transferring the Hour-line from the Wall tothe Board, may ſome- 
times be (and once was to me) of uſe : For if a Sun-Dial be drawn up- 
on a Board, and it fall out that that Board he taken away, ſa as that the 
Sun-Beams thereby be taken off too, then it will be good to transfer the 
hours from the Board, to the Wall or Superficies ſtanding behind, to ſave 
them that they be not utterly loſt. 


CR4hk.aAL 
Of inſerting the wſual Furnituxe into Sun-Dials. 
any Dial 


Zimuths, or 2 Points of the Comyaſs, may be into 
direQly, as the hours were in this ryanner. pon the Plain (where- 
on youdrew the Horizontal Dial, and from the ſame Center tharcin 
fixed, deſcribe a Cirde; and upon it, ſer off from the Meridian 

Line , cach tenth Azimuth by dividingeach Quadrant of the Circle into nine 


equal parts, or each Point of the Compab by dividing the feveral —_— 


hit 
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into cight equal parts ; ' and a pplying the Plain to its firſt poſture, by a Threg 
from the Center of the Circle, project theſe Azimuths or Winds into the Ho- 
rizontal Line, making marks in the ſame Line for each one of them, as you 
did before for the hours. After this, from the Point of the Gnomon, ſet a 
Thred perpendicularly either upward or downward, which may repreſent the 
Zenith Line, and is therefore the Axis of all the Azimuths. By this Thred 
then, and the Points ſigned out in the Horizontal Line, you may projeQ the 
Azimuths or Winds in the ſame manner as you did the hours before. Or thus : 
Stretch a Thred from the Point of the Gnomon, to the ſ{cveral Points of the 
Azimuths in the Horizontal Line : and note the Nadir Point direQly under 
the Point of the Gnomon , upon' ſome object laid there for that purpoſe. 
Then if with your eye you repoſe the Thred before extended upon the ſame 
Nadir Point, the ſhadow or appearance of the Thred will ſhew upon the Di- 
al Superficies where the ſame Azimuth is to be drawn. Thelike muſt be 
done tor every Azimuth or Point of the Compals ſeverally. 


3. Almicantars may be projeed by the Semicircle it ſelf, without any 9- -. 
ther help. For if you lift up the Semicircle to ſuch a Number of Degrees as 
anſwers to the Almicantar which is to be inſerted, and apply the Ruler of ir, 
being in that poſture to the Point of the Gnomanand to each Hour-line, or to 
the ſeveral Azimuth Lines, or elſe to any part of the Superficies which you 
will, the fame Ruler will- ſign out-points, through which = Almicantars are: 
to be drawn. 


4. Such Almicantars as ſhew the Proportions of Shadows (caſt upon Horizontal 
Plains) to their upright Bodies, may be projeQted in the ſelf-ſame manner, b 
elevating the Semicircle to ſuch Numbers 1n the Geometrical Square (which 
is upon the Semicircle) as anſwer to the Proportions that ſhall be required. 
That Point of the Square which is 3 :: anſwers to 18 deg, and 1s the Crepuſ- 
culum Line. 


q Theſe four Particulars may be inſerted in this manner generally in all Lati- 
tudes alike, and are therefore as Univerſal as are the former Precepts for 
the hours. The reſt that follow muſt have, particular Tables framed for 
them, agreeable to every Latitude. The Computation of which Tables 
may be in ſuch manner as is hereafter ſhewed; * | 


5. Parallels of the Sun's Declination ; 6. Parallels of the Length of the Day ; 
7. Parallels of the beginning of the Twelve Signs , muſt firſt be known what 
Parallels they are from the EquinoCtial, or wha Declination they have, and 
likewiſe what Altitudes each of them have upon every hour in your own La- 
tirude. The Parallels of Declination are ſoon found if you determin which of 
them to put in, as every fifth, or tenth from the EquinoQtial, for their Declina- 
tion is Ty their Number. The Parallels of the 12 Signs are theſe 
11 deg. 30 min.for & mm Xx: 20dep. 12 min. fort MN 7 =: #. 7 3o min. 
for & and wv : the EquinoCtial it ſelf ſerving for Y and =. Only it muſt be 
remembred which Signsare North, and which South, that ſo they may be pla- 
ced eitherabove or below the EquinoQtial. - The Parallels for rhe days length 
of 16,15, 14,13, 12, II, 10, 9, 8 hours, of what Declination from the Equi- 
noCtal they are, muſt be ſearched out (as they ſhall agree to each particuler 
Latitude) in this manner : As the Radies, to the Sine of half an hour, that is 
to the Sine of 7 deg. 3o min. So is the Co-tangent of your Latirade, to 9s 

ange 


. 
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Tangent of the Declination of that Parallel, which being North , makes the 
day 13 hours long, or being South makes it 11 hours long. Solikewile, as thc 
Radius, tothe Sine of two half liours or 15 deg. oq min. So is the Co-tangent 
of, your Latitude , to, the Tangent of that Parallel that makes the Day 14 or 
10 hours in length. And as the Radivs to the Sine of 3 half hours or 4 half 
hours, that is 22 # deg. or 3o deg. , $015 the Co-tangent of your Laticude to 
the Tangents of the Declinations or Parallels that make the Day of 15 and 
9, and of 16.and 8 hours length. 


Having found ſuch Parallels of Declination as you mean to uſe for the three 
tormer Purpoles,. you are, then tocompute upon each of them, the Alti- 
tudes of che Sun for every hour. And amongſt many ways, let this be 
one, which is general to them all, and beſt wrought by the nataral Canon 
in this MANANCT. EE (o! 


Firlt,, for the EquinoQiial, which is the Line that paſſeth through the bg- 

gianing of Y and.=, and from whence all Declinations are counted, as alſo the 

e upon which the Day is every where 12 hours long, the Altitudes for 
each, hour may be found by this Proportion. As the Radivs, is toche Co-ſine 
of your Latitude ; So are the Sines of 7, 2, 3,4, 5, 6 hours, to the Sines of 
the Altitudes of the hours 7, 8, 9, 10, 11, 12, in the Morning, or of 5, 4, 3, 2, 
I, 82, in the Afternoon, when the Sun.is in the EquinoQtial. At 6 the Sun is 
juſt in the Horizon. Now for inſerting the EquinoQtial Line upon a plain Su- 
perficies any two Altitudes for two ſuch hours as are at a convenient diſtance, 
will ſerve turn, becauſe the EquinoQtial being a great Circle of the; Sphere, 
1 projected upon a Plain intoa ſtreight Line, and two Points are ſufficient to 

irect where to draw a ſtreight Line upon a Plain, But if the Superficies be 

manifold or uneven, all the Altitndes muſt be made uſe of, or two Altitudes 
and the Point of the Gnomon will ſhew the EquinoQtial Superficies, and fo it 
may be projeted with a Thred, | 

Amma for all other Parallels this courſe may be taken. | 

7. Find out. the Sines of the Altitudes of 6 a Clock in all North Parallels 
by this Proportion, As the Radziss to the Sine of your Latitude; So is the 
Sine of every Declination, to the Sine of the Altitude of 6 a Clock in that Pa- 
rallel of Declination. : By this Sine found, and entred intothe Canoa of Sines, 
you may get the Altitude of 6 for every Parallel. OI 

2. For the ſame North Parallels ; add the Declination of your Parallel to 
the Complement. of your Latitude, the Sum will be the Altitude of the Sun 
for 12 a Clock in that Parallel. Then out of the Sine of this Altitude of 1 2, 
take the Sine of the Altitude of '6, reſerving the Difference. 

3. As the Radiss, to this Difference z So the Sines of x, 2, 3, 4, 5 hours, 
to ſeveral fourth Numbers, or Sines. 


4. Toevery one of theſe fourth Numbers, add the Sine of the Altitude of 


6 ; So ſhall the ſeveral Sums produce the Sines of the Altitudes for every 
hour between 6 and 12. ad Sheer 
5- Take as many of thoſe fourth Numbers as you can,out of the Sine of the 
Altirude of 6; ſo ſhall the ſeveral Remainders make py: Sines of the Altitudes 
of ſuch hours as are between 6 and Sun-riſing, or Sun-letting. _: -- 
6. Take the Sine of: the Altitude of 6, out of all ſuch of the fourth Num- 
bers, as are bigger than it., ſo ſhall the Remainders give the Sines of the Altr 
tudes of | by 5p {ſuch South Parallels which have the like Declinations 


X _ rallels haye. Metal 
from the EquinoCtal, that theſe North Fre els haye & Ts 
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Thus having fouad out the Altitudes &d in each om the miſt be 

: ordered into Tables , 'ahd reſerved mage And if accotth 5s tos wſial 
mharirier of working by the Semicircle , you ittſetr from the Point bf the 
Gnorioti into the particulat tiours ſich Altitudes as your Tables afford. ,you 
ſhall find pricks through which to draw cath tequiſire Parallel. 


Of Signs of the Ecliptick Aſcending, Deſcending, and Culminating. 


tirudes the InterſeQors of the Ecliptick have with the hour Circles 

wo of thetn at the leaſt, to ſer ther upon a Plain, but mote are better, that 
they may ſerve in all yo, and to - we ay =o that pony en of time, 
when the beginning of any Sign in Aſcending, Delcending, or Culmin 
which will be ro 4 re Calculation. ft world be tet hal what 
Alcitudes the Ectiprick hath at thoſe ximes with Tore chief i ceymemt 
the mofteaſie way, thar1 kiiow , will be tofitid Gut what! chebegin 
ning of every Sign, rifing orſettihp, hath, and What Alti noe, m6 xt 
the ſame time cutteth upon the Meridian. And for $i Sighs Culntitta 
be enquired what Altitude the begihhirig of cach Sian hath when' is 
Meridian, and what Amplitude 4to'it hath at the farrie time upon the Hort- 
ZN. 


of Ft would infert the Signs to the Hour-lines , you muſt find out what 
t 


8. Then for Signs Aſcending. It Y aſcend, then 1s the Atmplitude d9; lt + 
is in the Meridian, and fo the Meridian Altitude 6f vy is the Altitude of rhe E- 
cliptick upon the Meridian whilſt the firſt Point'of Y is aſcending. So iftticAHt 
Point of = be aſcendent,then likewiſe the Amplitude will be 60;and &'will bs 
inthe Meridian;ſo that the Meridian Altitude 6f' js the/Altirnde of the'Edlip- 
tick upon the Meridian, whilſt the beginning of '= i Yetribing, "Bor the 5 0- 
ther Signs , to know what Altitude the Ecliptick cuts ypon he Meridian at 
their aſcent abovethe Horizon, there muſt be inquired ; '1: F their irade; 
2- The Oriental Angle, or the Angle ade between the Echptickand' tzon 
af the ſame time. 

- 1, The Amplitude is thus 'known'; 'As the Sine of the' [there Kath 
Sine of the Declination gf the beginning, of any 'Sjt LoY Cres 


rhe Sine of the Amplitude fromthe Faſt. This for 


to'9o, for Sovith Signs fubduQted Front go, proach Ar by hg bi 
from the Sourh. 

2, The Oriental Angle, is thus fouhd. As the Cite oP the rey on of 
the Poiar tdi, tothe Sihe of yonr Lititude;' S058 rhe Rating td the Sine 
of the Angle made between the Meridian thar' peſſerh thvotigh the*Point A- 
ſcending, and the Horizon. This Atigle adtied tothe! m__ wth ſme 
Meridian and Ecliptick , -gives the trace Otiental'4 
made by the Ecliptick and Meridians that paſs thr 
Ry 23; hoy tf [oomin.K 36 mm. UI Fein 4 
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Eaituades, *And 
the TavgenrP it 8 


obtaſe. 
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uſed in the next Work, x 
remembred here that any 
_— as Sine, bn 


0 Ne Wand 
band chr > he. 
Tn, and wwith S, "WI @, n with. 


« The two Tube Armplitades and Meridian Alricudes being fra- 
_ med, you ER ipſe rehe 1: 12 Signs Signs aſcending'in this manner with 


ET and as the fame with 


a < rid xed 

at end tothe Pe of the © , to the ſeveral marks ſet.in the 
'Horrzontal Line, ant{ atevery free exrent let your eye repole the / awed 
upon that pornit in the'Meridian which anſwersthereto the limeSi 
the Thred was extentlet unto in* the Horizontal Line , -{o ſhall. gary 07 
dow of the Thred ſhew you upon the Dial, where the Line for that af: 

 eendeat Sign 15 to be drawn. And fo having projected them all (12 ip 
number) ct may at the Eaſt end, among the Morning hours , wth 
Signs aan, þ yo the Chardters of thoſe ſet upon you of them, 


which _ unto _ and,among mk np tale Slane 
Signs De ne redy $9Pcn the -Char ng | 

that are oppalit beaker 4 heck ben aby Sign 1 TD alcens Rn 
ſnag is deſcend 


Deſcending Signs then are put #1 by the fame Work that aſcending afe. 


Note, that tri Dialsthat look towards the North, you- 4 your -Femicircle 
the ſame+Meridian Altitudes upward, above the Hoxizongal Line, 
nd got downwards, as in Dials lopking towards the'South. 


9, :iBe Signs Culmwinating. You myft' firſt fad cheir Meridian -Alxitudes, 
which is cafily done for-the beginnings of every Sign: || For having their De- 
dlinations before ſer'down, your giv, afro the Comglenet 


nations to'tbe he! t of the 6 og een 

your Laticude, ſothe whe row will be Mon Alee of the 
of che twave Signs. + ; you muſt ſeek whar Amplizudes 

the Ediprick hath, when the bepinmings of the-rwelve Signs,are inthe Meti- 


dian- 
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dian. T6 which purpoſe alſo,the acute Angle made between the Meridian that 
paſſeth through - beginning of each Sign,and the Eghptick, muſt. be. had in 
readineſs : and they are theſe, ' = 66 deg.30 min. >, ny m X 69. dep,22. min. 
it A. 2 «r'77 deg. 44 min. & v go'deg. oo min; And likewiſe it, muſt be no- 
red, that any Sign from S to 5» being in the Meridian, the Ortive Amplitude 
of the Ecliptick from the South is leſs than go deg. the Occaſive more. But 
- any Sign from w to S poſſeſſing the Chee , the /Ortive Amplitude is from 

the South more than go deg. the Occafueilels, Now then the Amplitude is 
tound by this Proportion ; As the Radias, is to the Sige ot. the Meridian. Alti- 
tude of the beginning of any Sign; So is the Tangent of the Angle atthe Me- 
ridian ({et down before for every Sign) to the Tangentot..the Eclipticks Am- 
plitude at that time from the South... , The, Amplitudes Qrzive of the Ecliptick 
when & and wy are inthe South are always $0 gan ifi you enquire.the Or- 
tive Amplitudes of & me = m 7, thejrSupplementsare the Qrtive, Amplitudes 
for x © \ X22, remembring the Cautions iven; before. And the Ortive 
Amplitude of the Ecliptick from the South, when, apy, Sign is culminating is 
equal to the Occaſive Amplitude of the; Ecliptick from the South when that 
Sign that is as much diſtant from S as the fore-gamed Sign, was, is culmina- 
ting. "arty megget 14S {iS} W Ul 


| The Tables of the Eclipticks Amplitudes from the South, and Meridian Al- 
titudes being fitted, you muſt now accommodate yaur'Horizontal and Meri- 
dian . Lines as you did before for aſcending Sigas ;. and then among the 
Morning hours from a plain Board or paſt-board, project your Amplitudes 
into the Horizontal Line for the 12 Signs, and their Meridian Altitudes in- 
to the Meridian Line by your Semicircle. And being 'thus prepared you 
may projett the Eclipticks areny 6 a your Dial Superficies, and Chara- 
Qer each Line with that Sign that belongs unto it, and with the CharaQter 
of the oppoſite Sign that is in /-o Czlat the ſame time. 


By Help of the Parallels of the Length of the Day may be inſcribed theſe 
that follow. 


10 Hours from Sun-riſmg. 11 Hours from Sun-ſetting. 1 2 Planeta- 
ry Hows. 1 3 The ſix Houſes that are above the Horizon. 


The Eaſtern part of the Horizontal Line is the beginning of the hours from 
Sun-riſing , as the Weſtern part is the beginning of the hours numbred from 
Yeſter-days Sun-ſet. Look then for any two Parallels of the Days length that 
are of equal or eyennumber (and not odd) as 8, 10, 12, 14,16: and if your 
Dial be deſcribed upon a Plain, count upon any two of thoſe Parallels the 
firſt hour from the Horizontal Line, td ws a ſtreight Linc through thoſe 
two Points: the ſame Line if it be from the Eaſt part of the Horizon is the 
firſt hour from or after Sun-riſing , if from the Weſt it is the 23 hour from 
Yeſter-days Sun-ſet. $o the right Line drawn through. theſe two ſecond 
Points from the Eaſt part of the Horizon is the ſecond hour from Sun-riſing, 
or from the Weſt part it will be the 22 hour from Yeſter-days Sun-ſer, which 
are accordingly to be figured. And ſo of all the reſt. 

For the P ry hours, chooſe out the Parallels of the days length 15 and 
9 hoursz and in the firſt take each 5 quarters from the Horizon, in the ſecond 


each 


4 Fae. FT <2 f w ts 
- - a 
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each 3 quarters, and draw ſtreight Lines hav, them if the, Superficies be 
plain, the ſame Lines are the Planetary Meridian Kay i 6, the Weſt 
Horizon 12. But in all theſe, if th, the Superficies be not plain, but euther many 
Plains together, or one curved and irregular, you are to ſtreech a Thred bo as 
that you may ſee the two Points for each hour before mentioned, and the Poigt 
of the Gnomon altogether upon the Thred ;; then ſhall the ſhadow of the 
Thred in that Poſition Aopang. where every ſuch Hour-line mult be drawn, 

For the Houſes, find out by yout our Semicircle, that Point in the hourof 12 
that is level with the Point of the Gnomon. If then your Dial be upon a 
plain Supertficies, draw ſtreight Lines from the fore-named Point thr 'r jo each 
ſecond Hour-point in the EquinoCtial Line on both ſides 12 , the ng Lines 
ſhall be che 6 Houſes above the Horizon, andthe Meridian Line is the tenth 
Houſe. But if the Superficies be curved, hold a Thred fo as that you may ſoc 
through it the fore-ſaid two Points of each Houſe, together with the Point of 
the Gnomon ; for then the ſhadow of the Thred will ſhew to your eye where 
each Houſe is tobe drawd. 


1.4 Of the Riſing, Culminating, and Setting of any Fixed Star, 


Suppoſe the Star to be Lucid Pleiadum. 


The Declinatioh of the Star Northward is 23 deg.oo min.the right Aſcenſioh 
51 deg. 42 min. Firſt then, get the Semidiurnal Ark of the Star by this Proporti- 
on,As the Co-tangent of your Latitude,to the Tangent of the Stars Declination': 
So is theRadixs to the Sine of the Stars Aſcenſional difference,which being added 
to go deg, (becauſe the Declination is North,elſe it ſhould be ſubtrafted) gives 
the Stars Semidiurnal Ark. For Zondon it would be 122 de AL: 5 min. This taken 
out of the Stars right Aſcenſion leaveth ( 289degs 27 min t Aſcenſion of 
Medium Celi when the Star is riſing, Or theSemidiura Fo added to the 
Star's right Aſcen ives pres ( 173: CO i! ght Aſcenſion of Mediurs 
Celi when the Star is ig Ke Aſcenſion of the Star 
is the right Aſccoſion of | of Midi Cell iT the Star culminates. Now 
having gotten theſe right Aſcenſions, yes may get the Points of the Ecliptick, 
their Declinations, and the Angles Meridiad aofwerable, in 
this manner. Jaſhe Zocny i2 the Sine Of 21 Wopdr hire of 
| Aſcenſion, to Tangent 0 oint aglwe 
Nb to the Sine of right Aſcenſion ; oY ; Tapgent of 3, to he 
La A. eee we nf p10 Co Aleemion be 


ed. 'he Colleen fog 233 ple of gh 
,to the Co-ſine of the acute gh AT 
Then note, that if the right rike airy 7s ado ah endo 
third quarters of the Equator, Be Or, le of the Edlipti 


South is leſs than go deg, the 9ccafve more. ., But if the rat er 


the farſt o laſt Quarters then are Orv /itude more go, the Occ 4- 
ing found HMedines Cali, As the me (90080, Sine of 
TP $ hobineof " MediamCali, to the Sine pt Bey the Declination of Jedinm 
Celi. By this ns agor, you 
is the Meri kirude of 
the Sine of the ry 
benno lp 


ka 


217 


218 


PROJECTIVE DIALING. 


In this manner alſo may the appulſe of any Fixed Star to any Azimuth, or 
Almicantor;or Meridian,or any other ſtanding Circle, be computed and inſerr- 
ed ; If namely, the Siruation of the Ecliptick at that ſame moment be pro- 
jeQted upon the Dial. 


« Theſe being found, will help to put in ſuch Lines as ſhew the Star's Aſcen- 
ſion above the Horizon, 'Delſcenſion, and Culmination. The manner of 
putting them in, is the very ſame that was uſed before for inſerting the 
Signs of the Ecliptick Aſcending, Deſcending, Culminating, 1o that more 
Words about it will be needleſs. 


Theſe are the principal things wherewith Sun-Dials are uſually furniſhed. 
If theſe be well underſtood, it will not be hard to inſert the Coſmical, Acromi- 
cal, or Heliacal riſing and ſetting of Stars, or any ſuch like requifite. All the 
ſeveral uſes of each Find of Lines is ſhewed by the ſhadow of the Point of the 
Gnomon, as it creepeth along through them. 


6 — Ad. —l— 
—_———_— — —_——..A..4 _ 


CM A3.AS 


Other Precepts concerning the Inſerting or Projeftting of the Furniture into 
Sun-Dials. 


I. Of the Equator, and two Parallels thereto. 


He Parallels of the Equator are uſually diſtinguiſhed by theſe three 
Names. 1. Parallels of Declination. 2. Parallels of Signs. 3. Pa- 


rallels of the length of the Day. Now all theſe Parallels being but 
of one kind though of ſeveral Relations, muſt be put into a Dial in 
one and the fame manner; only you are to find which Parallels upon the Pla- 
iſphere are anfwerable to'cach of theſe, and'this is ſhewed before in' the 
Third Chapter, SefQtion 5. ey = 
Now in general alſo be admoniſhed , that all things which are inferted by 
this manner of Work, are done by their Altitudes aboye the Horizon ; aodif 
rhey be great Circles, ſuchy as are the Equator, Eclipticks, Azimuths and Hort- 
Zon, then will two Altitudes in aftty two hours of your Praje& ſerveto in- 
ſert ſuch into any Plain, b up every great Circle projehed pot a Plain be- 
comes a ftreight Line, 'and rwo Points are enough to ſhew where a freight 
Line is to bedrawn ;, Butfbr every leffer af you muft have as many Potars 
of Alritude as there are hours, through which Poms your leſſer Circle is to be 
deſcribed witha light hand. Ns LD. £02235:-4 
1. Therefore, it you would put in the EquinoQtal, chooſt any two bours 
upon your Plain (ot as. gogd diſtance as may, be;'that your Work may. be the 
truer) and look upon your Planiſphere what Altitudesthe uinoRtial Circle 
hath upon thoſe two hours /as which to do is ſhewed before, Se, 6. Chap. 3.) 


Then with your Semicirgle expref$ thoſt wo Alitudes upon the {aid two 
hours of your Dial, and yo ſhall ave two Points through which if yon draw 
a ftreight Line, jt ſhall be'the EquinoRtial Lineupon which your are to fix the 
Charatters of v and =. , Soto at Hel Au 

- 2. Todraw any of the Parallels of Declination'took upon yout Planifphere 


which 


PROFECTIVE DIALING 


which Parallel anſwers toit, and then look there what Altitudes the ſame Pa- 
rallel hath y (+ every hour (per Prop. 6. Cap. 3.) and with your Semicircle ex- 
preſs thoſe Altititudes upon the Plain, each Altitude in its proper hour ; So 
ſhall you have Points in every hour , through which the ſame Parallel is to be 
drawn ; If they be every 10tb. muſt nomber them by 10. 20. &e. above 
and below the Equator. The fame is to be done for the Parallels of the be- 
ginnings of the 12 Signs, upon which when they are drawn you muſt ſer the 
Characters of the 12 Signs in their proper places; And three for the Paral- 
lels of the length of the day, upon which you are to write the timbers of 
the length of the day, nor ſhall I need to make more words about them. 


Il. > the Horizon with the Parallels thereof called Almicanters, and 
of them fuch as ſhew the three Proportions of the length of the 
Shadow to any upright Body : Of the Azimuths or Vertical 
Circles, and (among them) of juch as ſerve for the Points of this 
Compals. 


1. The Horizon was inſerted at the firſt beginning of the Work, and is re: 
preſented by rhe Horizontal Line lying wholly in the ſame Level with che A- 
pex of the Gnomon. . | 

2. The Almicanters or Parallel of the Sun's Altitude above it may be in- 
ſerted by the Semicircle alone withour the Plagiſphere; For if upon every hour 
you expreſs by your Semicircle one and the ſame Altitude (v. g.the 10th. deg. 
of Altitude) and through thoſe Points draw an Oblique Line as the manner is, 
> ſame Line will ſtand for the (torh.) Almicanter required ; and fo of the 
reſt, | 

3. For fuch Almicanters as ſhew any common proportion between the ſha- 
dow and the upright Body , The eaſieft way will be to have marked out upon 
your Semictrele, fuch Almicanters as you deſire to pur in, or which ts berter 
and more handſom you may deſcribe in each of rhe two Quadrants which do 
make up the Semicircle, rwo Geometrical , the ſides whereof may be 
divided in 120 equal parts, and numbered as the uſaal manner is, and is ex- 
preffed. in the. Figure of the Semicircte ordinarily fo ſhall you have ops: 
trans fitted into your hand. As if I could pur in thatAlmicanter which ſhews 
the ſhadow to the upright Body to be as 5 ro 3. thatis, as x20 is to 72 count 
+2. from the Semidiameter of the Semicircle tawards-the middle Pome of che 
Square,and then linſert that Point into every of che hours upon the fame, and 
accordingly to draw a curved Line through them,and write upon it | of ſaperb/- 
partiens tertias:Bur if 1 would igfert the contrary proportion,as of 3:to'5,then [ 
count upon the Square the former number 72 from the Diameter of the Semi- 
circle towards the middle Point of the Square, and then I infert that Pot as 


before. and write upon the Almicanter 4 or fupertripertiens quires. Now 
whetfoever rhe Apex of the Gnotrion comes into the firſt of theſe ines /then 


the ſhadow 3 4? upon the Square is the Crepuſculown Line or 18 Almicanter 
which will hew the Twy-Light upon the onpotke Parallet) tivis you may 
conclude that the ſhadow of an upright Body or Baifding being caſt upon a 
flat level plain, is in proportion to the uprig t Body as 5 t03; thatis, if you 
divide the ſhadow into 5 equal parts, three of the ſame parts will give you the 
Ahityde of the _ Body ; So in the ſecond Example, if you divide the 


Shadow into 3 equal parts, five of the ſame parts will give the length of - 
uprig 
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upright Body z And thus the ſhadow of the Sun performs the uſes of the Ge- 


etrical Square. | 
pe" If =D would put the Azimuths into your Dial, lay the Ruler upon your 
Planiſphere to that Azimuth which you mean to put in, then obſerve any two 
hours (the further diſtant the better) where they interſeQ the Ruler, and count 
the Altitude of their Interſeftions from the Horizon, and inſert them b 
of your Semicircle into the Dial, cach Altitude into its proper hour ; 4 ſhall 
you have two points through which you may draw _ Azimuth, and ſo 
muſt you do with the reſt of them, and number them from the South by 10»- 
or 5*t5. according as you put in every 10" or 5 

The ſame courſe is to be taken for the Points of the Compaſs which are alſo 
Azimuths, and each 11 4 deg. of the Horizon repreſents them , for there are 
8 only in a Quadrant , now 8 1s contained in go degrees 11 4 times, fo that no 
more needs to be {aid of theſe ; they are to have their proper names ſignified 
by their Letters, asthe firſt, ſecond , and third from the South, Eaſtward, are 
noted by theſe Letters Sb E: SSE: SEbS: &*. and fo thereſt as moſt 
knows. | 


III. Of ſuch things as concern the moving of the Ecliptick. And 1. of 
the putting in ſuch Lines as ſhew what Signs are at any time Riſing 
or Setting (commonly called Signs Aſcending or Deſcending.) 2. 
Such Lines as will ſhew what Signs are at any time in the Meridian, 
commonly called Signs Calumniarting. 


1. Suppoling any Sign to be deſcending you are taught by your Plani- 
ſphere Crap. Chas. 3.) to know what degree of the Ecli Ik is in any Hour- 
circles : Chooſe you then 2 Hour-circles anſwering to ſuch as are upon your 
Plain of a competent diſtance, and enquire what degrees of the Ecliptick are 
inthemat the ſame time, and find out their Altitudes by the ſame 7. Propo- 
ſition,then by your Semicircle inſert thoſe Altitudes into their proper hours up- 
on the Plain,and from the two points inſerted draw a ſiteight Line/becaule the 
Eclipeick is a great Circle,) which ſhall be the Line, ſhewing when ſuch a Sign 
is deſcending, and the oppoſite Si alnding Wherefore upog that Line 
mou muſt ſer (Tuppoſe v aamayre 2 ojye , and the oppolite to it ne A..” 

better. The Signs aſcending may be charaterized upon your Dial, at the. 
Weſt cad of the Line with this written amongſt them [S;zns Aſcendentis] and 
the Signs deſcending at the Eaſt end of the Line with [Signs Deſcendentis] 
written to them. | | yd 

2. The very ſame courſe you are to take for the Signs culminating, if you 
make uſeof the 8*- Propoſition of the former Chapter, ſo that it ſhall not be, 
ncedful to make more words of them ; and they muſt have ſet upon them the, 
CharaQters of the 12 Signs with [[Sigz« Cu/minentia] written amongſt them: 
at the one end of the Lanes, and the oppoſite CharaRers at the other cad wah, 
[ Signs in [mo Celi] written. ; JEN 

Concerningthe uſing of theſe Lines when they are drawn , conſider the 


Caution on the oppoſite ſides inſerted. 


IV. of 
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14.0 fevorm 1.0 of 0; | 
MITT AI LAK'T, YRMed i @& a (i bY ongorer We 
| ro3h Not oft, foi nn lget tis r if af Sit 
Beſides the hours which we gg deſcribed which only are inuſe + Horz a or? 
mongſt us, and are called Aſtronomical, ſome Countries number their hours *9 pat in 
from the Horizon,and that three ways,therefore are called by three names uſu- $6,053 ® 
ally, Hor « abort"; Hors #b Orraſs 3 Fore Planeterie vel Fadatce atie two frſt Ted br exrend- 
kinds are equal hours, as thoſe with us are, and of the ſame length really, but 4 ® _ 
are numbered: frgt9;b.40 24:that 1s trom one Sun-rifing ta the next, ahd fo from Clin-in tin. ho. 
one Sun-lettirig tothe next; but:thelaſt are numbered from Sun-rifing to Sun: T12onali & 
let, every daybeingiequally-divided into x2-hoprs,- which makes the hours of 5; 'rangar 4: 
leveral days to anne ongto the other, whencethey are alſo called Hore im; micant. rec! 
£quales, How to put theſe into Dials, if the Parallels of the length of days be 925198" 
drawn before, then there is aodifficulty. For, !--.;, .-- | | 

1. The hours ab Ortu,begin from the Eaſt part of the Horizon; look theres 
fore upon _ Dial for two of thoſe Parallels on which the day makes an even 
number. of hours , as far Example 16, and, $, ypon the rl of which the 
Sunriſeth at 4 in the Morning, upoht the later at 8; Then abſerbe again upon 
theſe two Parallels the Interſe&ions that every Hour-line of 'the' Dial makes 
upon them, as next to 4 and8$. through which the Horizontal Line paſſeth, 
you:ſhall ſee the SeQtion of 5, and 9 to follow, and then 6, and 10; GG. If now 
through the InterſeRtions of 5 and 9 withthoſe Parallels you draw. a {treighe 
Line, the ſame ſhall be r. hour «4b Orts ; and one drawn from the Interſe&tions 
of 6. and 10. ſhall be the ſecond hour, and ſo of all the reſt; Bur if the fore- 
named Parallels be not drawn, you muſt-prick down where they ſhould be 
drawn, as was before ſhewed ia this Chapter, aad ſo make uſe of 4 Se; Points 
forthe ſame purpoſe, which is all one with the former. | 

2. The hours «b Occaſ#, are in like ſort to be dealt withal ; for if you 
make ule of the ſame Parallels before meorioned, as 16. and 8. where the Sun 
ſets upon the Weſt end of the Horizontal Line on the Dial, inthe firſt at 8. in 
the larer at 4 a Clock, which ſetting is to be accounted the 24 hours, then it is 
evident thar in the ſame Parallels 7 a Clock and 3 are the 23 'hour,, 6 and 2: 
are the 22 hour, 5 and 1. are the 21 hour,and ſoof the reft ; wherefore if from 
theſe mentioned pairs of hours where they interſe& the Parallels ,. you draw, 
ſtreight Lines (upon Plains not elſe) they ſhall be the 23. 224 21 bours 4b oc- 
caſs beſterno, and the Weſt end of the Horizontal Line is the 24 hour «b occaſs. 
'3-. The Planetary hours are to be dealt withal in this manner, upon your 
Planiſphere, chooſe ſuch Parallels of the days | as are Eaſieſt to be divided 
into 1 2 parts, ſuch as are 15, and 9, inthe firſt of which x 4 of an hour makes: 
* part of a Planetary hour of theday, 2 ; hours makes two Planetary hours, 
34 hours makes 3 Planetary hours, &c. 1n the latter 4 of an hour makes one 
| Planetary hour, 5 or 44 hour makes 2 Planetary hours, {or 2 4 hours makes 3 
Planetary hours, and ſo forwatd,  . If then the ſaid Parallels of 15 and 9. be 
drawn upon the Dial, you may prick on them the places where the Planetary 
hours ſhould pa, but if thoſe Parallels be not. drawa you muſt then take the 
Alritudes of theſe Seftions; or imagine points upon your Planiſphere, and ex- 
pres them upon the anſwerable hours and parts of hours upon your Dul- 
plain, you ſhall then find 2 pointsforeach Line of thoſe Planetar hours to be 
drawn, and accordingly draw.them, which if they fall out jult, ſhould paſs 
through the hours upon the EquinoGtial Line; but this is not altogether to be 


not > , 


expettcd , becauſe the Planetary hours are not really great Circles upon the 
LI! pherez 
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Sphere, and ſo not abſolute ſtreight Lines upon the Dial, though near enough 
to give an eſtimate of ſuch a Diviſion of the day, you. may therefore for more 
accurateneſs draw them a little bending,” that fo tnay paſs through the 
hours of the EquinoCtial. The 12 a Clock is always 6, the reft numbered ac- 
cordingly. s Iv8d 597 051697 79d 20; 5 


V. Of the Six Houſes above the Horizon, and bow to. protratt them alſo, 
From the Point where 12 cuts the Horrzontal Line tothe hours of 8.10. 12, 
2. 4. in the EquinoCtial Circle draw right-lines, and they-are the 6 Houles a- 
bove the Horizon, thoſe betoware not to be:ſhewed by the Sun; whois then 
below too: The Welt end-of the Horizon sithe beginning of the Seventh 
Houſe, the next Line begins the Eighth Houſe, the next the Ninth Houle, the 
Meridian the Tenth Houſe, and fo forward, according to which rate they are 
to be numbered. WIDE BENS [il 


VI. Of the Horizon of any City or plice , whoſe Longitude and Latitude 
4 known, and how to mſert it mto a Sun-Did.. | ”_ 


The ſpeedieſt way that I can pitch upon, is this. Afrer you know what kind 
of Longitude (whether Eaft or Weſt) and what kind of Latitude (whether 
North or South) the Hor!zon of Place hath;, and conſequently having econ- 
{idercd whether the Eaſt or Weſt part of the Horizon be to be inſerted, 
or both Eaſt and Weſt ( for all theſe caſes may fall out. ) - Having I ſay 
conſidered of theſe things fully before hand, you may reſpeQively order your 
Work, as for an Eaſterly Place whole Latitude is Northern, this Example will 
ſhew. Suppoſe I would put in the Horizon of Conſftantineple into a Dial. 
Firſt , I know Conſtantinople to have a North Latitude of' 43 deg. and that ir 
differs from the Longitude of Zondoy 2 hours 16 min. and that towards the 
Eaſt: Now becaule it lies Eaſtward from us, therefore the Sun riſeth in the 
EquinoQial , and fſetteth there alſo before it doth with us ; and this riſing in 
the EquinoQtal before us, is fo much in time as the difference of Longitude 
comes to, viz. 2 hours 16 min. Tf therefore you deſcribe rhe EquinoCtial Cir- 
cle upon your Dial (both above and below your Horizontal Lime) and then 
either on the Eaft part of it count the difference of Longitude from the hour 
of 6 always, and (in the Example here given) above the Horizontal Line on the 
Eaſt part (becauſe the Sun riſeth with before us) or again , you may be- 
. low the Horizontal Line on the Weſt part {nothing is to be above the Hori- 
zontal Line in any part) count upon the =_ ial the ſame difference of 
Longitude from 6 a Clock, thus is 16 min. 4 a Clock on either part, or 
3 a Clock and 44 min. ſoſhaf{ one of theſe two points (that which is moſt con- - 
venient) and the Gnomon give you two points, whereby to proje&t the Horizon 
of Conftentiwople, and that muſt be extended fo far as the projeQion of the 2 
Tropicks and Horizontal Line do go, that fo it may ſerve for all times of rhe 
Year which are poſſible. If in this Example on the Eaft part the ProjeQi- 
on fall quite out of thoſe forenamed limits , it muſt there bequite negleRed, 
and only put on upon the Weſt part of the Dial. 

How to find a Third point, It may be done many ways upon your own 
Meridian thus: As the Rad?as is to the Co-fine of the difference of Longt- 
tude ; So the Tangent of the Latitude of Conſtantinople, to the Co tangent of 


the 
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the Ark of our-Meridian i between the North Pole (in this Exam 
ple) and the North'pare of the florizen of Conf axrineple, __ the Soul, 
Pole, or South pet of that Horizon. If the you ſtrerch x Thred into 
the Air that may lis on the Planities of your Meridian, you may by your Se 
mioircle infert this point, Bur firſt you muſt conſider how far it is from this 
point to your Zenith: If therefore (in this Example) it be the point of the 
North part of your Meridian, add the Complement of your Latitude to the 
5 | Ark before fonnd ; if it bethe South point of your Meridian, ot 
of the Horizon of Conftentinople, then ſubdutt rhe Complement of your Lati- 
tude out of the forenamed Ark, fo ſhall you get the diſtance of this point of 
your Meridian from your Zenith, the Complement or exceſs whereot is, the 
Altitude or Depreſſion from your Horizon. Afterwards by your Semicircle 
you may put it into the Meridian Line or extended Thred, by counting the 
Complement of rhat ſame diſtance, or the Alcitude npon the degrees of your 
Semicircle. 

Now then by the point before found in the EquinoQial, and by chis poine 
thus found ic the Meridian, and by the point of the Gnomon, Ilſay by thel& 
3 points may the Horizon of Carffartinople be inferted 5 and fo the Horizon of 
any other Place. | 


2. Another way to find two Points for the ſame purpoſe, upon two 


our Lines. 


- Take any hour (as 9 a Clock in the Morning) count the diſtance of ic from 
6(3 hoursor 45 degrees)' and becauſe rhe hour is Weſt of 6 a Clock in the 
Morning, bur the place Eaſt, add the 3 hours to the difference of Longitude, 
which is 2 hours 16 min. the Sum is 5 hours 16 min. 


In general get the difference of Lo ends between the SeQtion of your pla- 
ces Horizon (which Sefton will cither be Eaſt or Weſt) with the Equi- 


nottial and the hours, that is, get the Ark of the Equator contained be- - 


tween them. 


Thea ſay, As the Radizs 15 to the Co-tangent of the Latitude (43 deg.) of 
the Horizon (of Conſtantinople) lo is the Sine of [79 deg.) that Ark of the E- 
quator to the Tangent of an Ark (45 deg: 38 min.) ot the Hour-circle of 9 
contained between the Equator and the ſame Horizon : And becauſe the I a- 
titude of Conſtantinople is North , therefore this Ark falls upon the South (ide 
of the Equatot: So that if ſuch a porat , or degree were inſerted upon that 
Hour-circle of 9, then was one point found. Now to mlſert it we muſt know 
what Altitude or Depreſſion thar point bears from vur Horizon , which to 
find by calculation, we have firſt the Complement of our Latitude, which Com- 
plement is 38 deg.30 min. Secondly, The diftance of that point of the Circle 
of 9 from the North Pole , that is 90 deg. and 46 deg. 28 min. or 136 deg, 
28 min. And Thirdly, The Angle of the hour of 9 from the Meridian, which 


1545 dep. that istofay 2 ſides, andthe Angle comprehended by rhem ; ſo that 
the Ar or third de (whoſe Complement is here required) may be found, 
Having then found this Altitude or Depreſſion (which m the preſeme Example 
is 15 deg. 20 min. it may be inſerred into the hour of 9 by the Semicircle. 
And in the fame manner may shorher pointbe inſerted inro-another hour : 
Theſe rwo pointy thes with the point of the Gnomory (3 in all) will ferro to 
projet the Horizon required. Upon 
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Upon the hour of 6 a-point may be found more ealily, and-the Altitude or 

Depreſſion of it.: Firſt, Forthe point 10 the Hour-cardle of, '$.c.A8;Radins isto 

the Co-tangent of the Latitude of Conſt antivople z So 15 the Sine of the diffe- 

rence of Longitude to the Tangent of 3o deg. $7 min, an Ark of the hour of 

Dejreſſun is 3b G comprchended between the two Horizons, ours and theirs. 1 This Ark (in 

4:4. Laitade this Example) muſt be added to go deg. So the Sum gives, the difference of 

Conſtamino- that SeQtion upon 6 from the North Pole: But then as the Radins is to, the 

7 155," Sine of our Latitude; So is the Sine of that (30 deg. 57, min;) | Ark of 6a 

4:2. D::/in:i- Clock to the Sine of the /27 deg. 59 min.) Depreſſion of the SeQtion of Cop. 

Ap ory #3? tintinople Horizon with our 6 a Clock Line-depreſſion I ſay, becauſe the poine 
nin. ki/linzti- of Interſetion is below the, Horizon of Zondon, oY 

017 North 65 Fo 

deg. 49 min. 


3. Another way to put m ſuch an Horizon. 


Firſt, get the Declination ($3 deg. oo min. South Eaſt) of it , and the Re- 
clination ( 645 deg. 40 min, North) or Inclination , with' the Coaſt, where- 
to it declineth. This Work may be performed by a Spherical Triangle made 
by the Poles of the Equator and of the two Horizons of Zondon and Conftanti- 
nople. Then having found theſe things; you may inſert them thus. Firſt, 
from the Eaſt point of your Horizon, count the Declination to the true Coaſt, 
and inſert it into the Horizontal Line, for that ſhall be one point where Cox- 
/lantinople Horizon is to paſs. Then again from the Meridian point interſert 
into the Horizon (to the true Coaſt) the ſame Declination ; ſo that this point 
of Declination from the former may be diſtant go deg. To this laſt paint 
having relation alſo to the point of the Gnomon , ſtretch a Thred in the Air, 
or draw a Line , that may lie in and repreſent the Azimuth paſſing through! 
thoſe two points (which a perpendicular Thred repoſed upon thoſe two points 
will dire&t you) then by your Semicircle project into this Azimuthal Line or 
Thred the Reclination from the Zenith of your place, either above or below 
your Horizon, as you ſhall diſcern the Poſition of it to Rn. So then, by 
this means you have another point wherethrough the ſame Horizon muſt 
paſs. Theſe two therefore with the point of the Gnomon will ſerve to pro- 
je& the ſame Horizon upon all Superficies that ſhall be found to ſtand in the 
Way. 


Another way for the ſame. 


When the Parallels and points are drawa firſt upon the Dial, with the hours 
you may put in any Horizon without great trouble, thus. The Weſt part of 
Conſtantinople Horizon z The difference of Longitude is 34 degrees, therefore 
the Sun in the EquinoGtial fets 2: hours 16. minutes with them before it ſets 
with us. The Weſt point therefore of that Horizon is upon the Equator at : 
3 hours 44 min. this is one point. Then find another point upon ſome other 
Parallels as S or y, let it-be , on the ſhorteſt day at Conſtantinople the Sun 
ſetteth at 4 hours 24 min. that is the day is then x hour 36 min. ſhorter than in 
the EquinoQiial,and ſetteth x hour 36 min. ſooner : Therefore from the Hori-- 
7onta] point noted before upon the EquinoQiial count 1 hour 36 min. ſooner 
(that is rowards our. 12 a Clock) and find that hour or pojnt of time inthe 
Parallel of w, and there you ſhall have a ſecond point,of the Horizon : Thek 
withthe Gnomon make the three requiſite points ro.draw or project the Hort 

ZOn : 
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the ns thing, yet theſe ay very well lun, ys mightbe ſous! to pervori 


VIE. The Me of all the Line of the Furniture, 


The Point of che Gaonen/aShmdkote huworh (among the Equator nd Pa 
rallels thereto.) 1. The'Sth's Parallel of Declination. © : _ el of the 
days length. 3. The Sign wherein the Sun is Amongſt the Abwiranters 
it ſheweth 3 4. How high the Sun is'above the Horizons. | 3. What Propor- 
tion the Shadow of any oprigae Uhngs caſt EI Horitobhtal Blat , beatcth 


to the upright Body —— Azimaths it ſheweth; 6. What Hes 
wth the Sun is in. 7. What Pala of of the k Wha the Son is on —— A- 
mongſt the projeQted Eclipticks it ſhews, 8. Sign i —— _ 
the Horizon , o” dealing yr 9. "qr gray ery 

hours of other Countries Account , 10. The of © Rig 


11. Or from and to © ſetting. 12. Ie ſhews alſo the Planitaty hours. '1 3. 
What houſe the © is in. 14. And principally the hour wha 2" the day. And 
what elſe may be deduced ous of theſe. 


VIII. Of the Commodities of theſe Projeftive Ways, 


Leſs coſt beſtowed ; No Iiquiſition after the ſite of the Superficies in re- 
ſpeCt of Declination or Inclination ; Not tmaterial whether it be upon one; or 
more Superfictes together ; Nor whether the Deſcription be drawn upon 4 
plain Superficies, ot a curved ohe, of more z- Not material how thoſe more $Su- 
perficies do ſtand, whether ,or remote,one to another ; The tediouF- 
neſsof an Ax# both maki ſorting avoided; »The lnſertion of the Purtiture 
infinitely bettered and ea ——_— in the obſervation of Caſes comparable 
to the ether ; ra teſt rrouble is the out the Sun's feimarhy 
which yet may be avoi if «@ Obſervation be juſt in the Meridian. 

No trouble by reaſon of inconveniencies that fall out, :whien the Stile'h 
but ſmall Elevation , and the Dial' withoura Center, the other ways are very 
troubleſome: The way thatall ret Hithetro went , was-firft w make 
the Dial, then to ſet the Gnomon, But this is-quite contrary, and much'betrer, 
becauſe the trouble of ſotticg the Gaomon, is much harder char firing the 
hours to it : For here the Ghomaw/l ft or, "and then the hours fitted coir } 
great Recliners it is hard. 
in the Horizontal Line, 
| which all depends ; "The 


P.O $ ras S 65 =_ r 


"'T was my intent, in this Blaoe, to have inſereed 9 Figure kl F Ir 
cſenting the inſide of a Rooth, with ſeveral a Fs ny Cues, Ada 

=. a; Almicaxters, and other Lines of the Faraiare of _— 
the Fils, Hindow-hoerd and Fembs,atid other various Plains which the i 
of almoſt all Rooms are incumbered with, and thetein ſeveral Capt#s of Coal 


Figures repreſerging the Atings of thoſe this, aamely ; dns _ 


LF 
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proje&ingof Lines, hanging of Perpendicular Threds, and other performances 
wy NO TEN required to be done and there only verbally direQed ; but being 
(my ſelf) no Deſigner or Draughts-man , Icould not meet with any perſon 
that with convenience (to my ſatisfaQtion) hit my intention in that kind ,_ but 
that was my intent to have done both in this of ProjeiZive and the next TraQate 
of Refractive Dialling : But being thus diſappointed of my intentions in this 
kind, I ſhall give you a ſhort account of ſome Dials, made after theſe Proje. 

erve Ways. + 

Firſt, if in the Claſs-window of any Room, one Pain or Quarry of Glaſs be 
darkned, and a hole about half a quarter of aninch Diameter made about the 
middle thereof, the Sun ſhining upon the Window will, throughthat hole,caſi 

a bright Spot of Light into the Room,which as the Sun in his motion paſſeth by 
the Window,the Spot of Light will be alſo removed from place to place,ſome- 
times upon theW indow-board, ſometimes upon the Jambs,lometimes upon the 
Sides, and ſometimes upon the Floor of the Room. — If ſuch a Hole ſhould 
be ſuppoſed to be the Gzodw or Point of the top of the Perpendicular Stile of 
any Dial,l fay from it the Hour-lines of a Sun-dial or af ſeveral Dials (for eyery 
ſide or part of the Room is a different Plain) may be made about the Roan, It, 

1. Horizontally you apply an Horizontal Dial to the Hole in the Glaſs win- 
dow, and extend a thrid Horizontally alſo from that Hole over every Hour-line 

(or half and quarter Hour-line)till it touch the Sides,Doors, Windows, Jambs, 
or other ObjeQs or Impediments({anding inthe way )about the Roam : Then, 
' 2+ The Twelve a-clock Hour-lige being both an Hour-lize and an Azimuth 
alſo, you may: (by a Perpendicular Thred, or Threds, transfer the ſame to the 
Cicling or Floor: of your Raorn , .or to which of them will beſt ſerye your 
Turn, and ſometime there may. be.qccaſion for both : Then, 

- 13, In this'Meridian Ling find another Raigt z fram which, a Line or Thred 
extended to the Hole in the Window may. repreſent cither the Dire& /or Re- 
yerted ) Axzir of the World ,, 'and wnto that Point or Points all the Hour-lines 
which' you'draw inthat Rog will hayereſpeQuato (or be in the ſame Plain 
with)-this ic And therefore,'!; TO TIENTS 

44 If qenfnaiond in one or hothvf. theſe: Points (or Poles rather) and 
extend String by the Side of another: String extended from the Hole over 
npiieutapion: nt faund an the fide of the.Roam as before, that mpve- 

"String | ;£En = wpgd by. the Side of ;zhe Horizontal String ſhall 
trace out: (au Objects that.it meets withal ).che Hour-line which the ex: 
and loong (cd. 8G: £0125 boi: , tor; | | 

, 6cPndlys IF: a1Jpats x the Sign of: gheSpn (or whatever elle you fancy) be made ac 

uvpan. an "Yip gf Glaſs jna Windbw , Andanthe de of the Window ſome 
al Border Circular , or 6f any other form) be made, of Wood ar Wire 
A Ine Eb lt 'thtongh'rhat' Hyle; another Poinr of the 
Axis way be found, in which Lines extended þy the Horizontal Lines extended from the 
Hole to the Harizontal Points in the Border, thoſe Hour-lines may be projected to the 
Mohionsof the Windows, andYtere faftned;;as atfo-to the Horizontal Border,and thete 
ſhall be true Hpur-liges, whoſe Names or Numbers being ſet ina Border of Paper paſted 
(or painted) bout the Paik of the GlaſFwindoy, where the Spot is; \Thed (he Strings 
picking ( wn ys ein ned whes the _ gs , Will all of them , calf 5p 
w upon the Fain of Glaſs, 3nd the Shadoy of that which toycheth (gr is nearelt to 
ee pleas OL = Ln end een Te daye 72 rey 


the 
TL Þ wot nreky {eral this"kind, of which yod all have hinrs/.of many at the 


cinds rharreg wr vs ; nr oa" Bedy'af Dials And > | ſhall ny: 
$zxr - 15 * 42 oy; y i ure I ; ori ncal F art 2 is 
tode of Zengon, with its Furniture: rnqye '&9 "OVA izoncal Dial tor 
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REFLECTIVE 


DIALING 


on, on - 
DIALS by REFLECTION. 


SHEWING, 


How to Reflect the Sun Beams, and''to'De- 
ſcnbe Hour, Lines, and other Furniture far Dials, upon 
ſuch Plains upon which the Dircit Beams ofthe Sancan 
never ſhine; and that ſeveral ways;:-the Glaſs caſting the 
Refiction; beihg placed either Parallcl 'to the 'Horizon, 
or Oblique unto it: And withont any regard had to the 
Situation of -the Object upon winch-the RefteQtion is 
made, z. e. whetherit be Plain gx Curycd, one or more, 
contigious or ſeparate, Oc. | 
{\\ 


The Tenth TRACTATE.” 


FRE” YT SV YT OW YO CO I I — FD) 
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Cray, L 
Notes and Obſervations preceding Reflefted Dials. 


Hefe Glafſes, for their Faſhion, are beſt to be Flat and 
Round ( though that. be. not” necellary.) and the 
uantity of it ſuchas will refle&t the Sun Beams, when 
they are at a ſmall Elevatiog.,. which therefore can- 
not be ſo uy determined ,, . becauſe 'Glaſles are of 
ſeveral thicknefſes; and the thicker it. is., the, broader it will be re- 
quired to be; the thinner Te BArrOungr 511 (9nd reflefting the more 
fngly and truly. The ſtanding of the ( [aſs y be either [Flatly Ho- 
rizontally, or otherwiſe Reclining or, ich ., :acdording as the 
place where ir ts pitched will require it ſhould refle&t, upwards, down- 
wards, or ſideways ; or as theskilful Artiſt ſhall think fit, to give 
evidence of his Knowledge and Dexterity in this kind. The Superfi- 
cies may be any thing that 1s capable of receiving Light and Shadow ; 
x needs tivt be a Plain , as is required in other Authors, neither needs 
it be one ſingle Superficies, but it may be turned or diſtorted any way ; 
it may be a multitude of mixt Superficies, of any faſhion or number 
Aaaa what- 
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. .? whatſoever. To make the ProjeQtion, it is required that there be 
room convenient ; and becauſe theſe are made for the moſt part in Win- 
dows, where the refl&Fion of Light may be beſt'mate into the ſhady 
places of the inner parfs of the Rooms ; 1t will be required that liberty 
be allowed to work withoug-the Window alſo. tt is not abſolutelyne- 
celſary that the Glaſs ſhoul be flat, it may be of any other Form, 
if you deſire to haveit ſo, .But then-your Hours cannot ſo eaſily be pro- 
jected, becauſe they will not be ſtreight but crooked Lines upon a 
plain Superficies , and the trouble augmented to find ſo many ſeveral 
points , as will be requiſite to the drawing of ſuch bending Lines. But 
becauſe moſt Glaſles are flat, and it will be harder to procure one that 
is not ſo, than one thatis; and becauſealſo, any that is ingenious 
this way, will of himſelt ( though: fore things is here alſo delivered, 
which will be Directions _ ) be abls to find out the manner of 
projeCting;trom- an irregular Glaſs , after he is JHOCUENh this that is 
here in the firſt place delivered ; 1 will onely ſhew, how.to doit, to a 

flat Glaſs, in what Situation foever it ſtands, becauſe by it any of the 

other Forms /will be underſtood. If any will refle& by Water and 0- 

ther Liquors ,'- it is apparent that they will ever lie Horizontal;-'and 

ſo the way top do that will be the ſame with'the. Hoxizonral Glaſs, which 


comes after in its due place. SY 3 


g— 
_ —_ —_ 
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& IS 2 8" 
| Of Reflected Daals.. if 
OO R me: is beſt made by a piece of, Looking-glaſs, which is fo 


much the better , by how much it is thinner; for the thickneſs 
| of it cauſeth a double ray of Light to be reflected, and re- 
- ron, bg quireth a greater elevation of the Sun Beams than a thin one 
fat withour a- doth : it muſt be about —_ times the thickneſs in breadth ; and be- 
ny ladination cauſe Glaſs reflefts from the upper and neather Superficies, and ſo 
«Fu6k makes two ſpots,colour the lower Superticies therefore with Qyl Colour, 
ro (which is better) rubor grindit,on a rough Brick, Tyle,or Grind-ſtone, 
and it will make but one ſpot. Now a Glaſs may be placed either Ho- 
rizontally or Obliquely ; and the inner Rooms of Houſes (forwhich 
this way is moſt accomodate) may fall out to be either flat or turned, 
both on the Cieling and Walls. ln all theſe Varieties it will be eſteemed 
none of the eaſieſt works to protratt true Hours; and what others 
have written in this kind, is only for to draw Hour Lines to a Glaſs 
placed truly Horizontally, reflecting upon a flat Cieling, which is like- 
wiſe in £quihibrio with the Horizons which very particular I will here 
alſo ſhew how to perform, in a much more eaſe way than hath 'yet 
been praQiſed , after I have firſt delivered in general (amongſt many) 
Three ſeveral Ways. " 44 


varictics of Sis 
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C Hae, II. 


How to projet Hours from a Glaſs, however rf moons , pon 


oever tt be. 
SECT. 1. The Firſt General Way. 


any Supcrficies whatſoever. , or how manyfold 
Ou muſt ſtretch an Horizontal Thred, between the Glaſs and Firt Gere 
the Sun, at any reaſonable diſtance from the Glaſs , and in £- = ck, 4 
nihibrio with it ; upon this:Glaſs and-upon the Horizontal © 


hred (by help of a proper Thred) proje@ the Sun or ſhadow 


of the Thred , juſt as was before taught in making a Dial with an Axis; 
and according to thoſe Precepts ( ſuppoſing the Glaſs to be as the point 
there aſſigned) make up here (in the ſame manner as is there raught ) 
the firſt of theſe Precepts, ſo ſhall.you nd the Pole of the World as 
at the end of the Eighth Precept is declared. © Theſe things being thus 
prepared, you are to begin with your RefleRions in this order and 
manner. | 
Refle@ the true Pole of rhe World, before found, upon ſome Object, This may be 

which is done by looking into the Glaſs, till you ſee the-fore-named wage bo ea, 
true Pole. And to the end you may the ſooner diſcover it, you may 
find this or the like helps : Stretch a Fhred , or draw your Finger from 
the Glaſs to the true Pole ; which Thred or drawing of your Finger (if 
you follow the ſhadow all along as it 4 6 pet inthe Glaſs) will brin A; 
you to the fight of the true Pole ; and this ſame courſe muſt be uſed in 
all other RefleQions , which may ſerve as a general Admonition once 
for all, inall the reſt of the work. - And when you have diſcovercd it 
in the Glaſs, place ſome mark then at your Eye ( ſuppoſe ſome Wire 
or Thred fixed at one end , the other end at liberty in your Hand , the 
Thred having a ſlipping Knot upon it. This Thred and moveable Knot 
may be removed to, any poſture, and ſerves as a Mark, or Piont ; ſothat 

ing or laying the ſame Point upon the Glaſs, with your Eye you 
may allo juſtly ſee; the true Pole 'or Mark of it in the Glaſs) then may 
you extend a Thred from the Glaſs to this Point or Knot, up. to, the 
top of the Houſe ( or.to the Walls-or Floors, according as things are 

laced) and ſo makea Point there, / which may be called the Retieted 
Lole. (Or. the former Poiar.y if-ititand firm , may as well ſerve to ſup- 
ply the uſe of the  RefleQedPole..) (To this Refleted Pole fix a Thred, 
which will perform all the ProjeQion that hereatter followerh. This 
Thred, for diſtinRtion, -may be'called the RefleQing Thred. 
of 721 Ton” t 


; If you will take pains to ſtretch Threds to every Hours Point , *and 
to project the Parallels thereinto by the SemwiCircle, you may re- 
fle& the Knots, :and ſo refle the Parallels by your Eye. 


2. Adl 
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| 2. All the Hours will be projected by theſe helps very ealily; for 
having by your Eye diſcovered in the Glaſs any ot your Hour Points 
fixed in the Horizontal Thred (your F.ye being at a good diſtance from 
the Glaſs ) take the Reflecting Thred , and inyerpole it between your 
Eye and the Glaſs (the further off it the truer) ſo as that the Eye may 
repoſe the Thred upon the Hour Point of the Horizontal Line appcar» 
ing in the Glaſs; and the Thred in this Poſition fixed , will give the 
Hours reflected upon any Supertficies whatfaever' it be that ſtand in the 
way. —_—_ 
£ Having fixed the RefleQing Thred, as before, fix (or let one hold) 
another Thred ( a ProjeQAing Thred) to the Glaſs, and taking the gthgg. 
end of it your ſelf, apply'itallalong the fide of the RefleQing Threg , 
drawing 1t out at fyll length , till (namely ) it reach to the Top,-or 
Walls, or Floor of the Roo; ſs ſhall you prick out the Tra@ of the 
Courſe of the Hour Line upon all Superficies , as lic in the way, where- 
through you draw out your ProjeQing Thred;;' and if the Superficies 
be flat, you need not make above two Points upon one Superficies , 
and ſo draw a ſtrait Line through thoſe two Points. The fame' work. 
is to be repeated every Hour particularly, and 'm the ſelf ſame man- 
ner ; ſo that 1 ſhall not need to ſpend more words, 


And Note , That in all Projections ( Dire@ as well as RefleRed) if 
you have the Gnoman, or Point ,-.or Glaſs'{ bur: the Glaſs muſt be 
flat) and any one part of an Hoar Line drawn upon the Superfectes, 
you may , after the Dial is finiſhed, ' transfer that Hour to -afy 
Superficies befide , by ſtretching ene Thred from the Apex of the 
Gnomon to any Point of that -Hous Line that is drawn ; and then 
by ſtretching another Thred- from the ſame Line., by the fides: 
of the firſt Thred, till it tauch the Syperficies, upon whith you 
woald have it Projeted, and into as many Points as ſhall be re- 
quired , through. which the Hour Lines may-be deſcribed. - '© 


A Notecon- This is the Creed! way to Reflet Hours from all Poſitions of a fat 


cerning Dravw- (Glaſs to all kind of Superficies. . 
ing of Hour 


Lines, tw be If the Glaſs be not Flat , but Convex or Concave , you miſt extetd | 
Reflected upon a Thred from the RefleRed Pole to the Points or Hours iy the 'Hort- 


from Concave 


OO ING, - there fix bl on diftover in ths Glas _ 

Glaſſes. Points of the ſame Thred, maki ing Marks (080M a time) fo? the ' 
ſeveral Points ; and Nike Glaisthrough tho fuming Marks one 
to be done before you go about the; other) extent aTheed to thetRoof, i 
or Wall, or Floor ;. this extended Thred ſhadl- giverone Point'for the 
intended Hour, Thus you axe. 1o de for. other-PFoines of 'the-fame”! 
Hour , by which means. you ſhall find feverat Points for one Hour , 
through which Points you muſt draw. a Line, whickiwill-notbe ſirair, 
becauſe the Glaſs is not Flat. In the ſame manner do for all the 
H : A zo Fo py # 17 QUT 36 
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SECT. ::; 
The Second General Way it this, and it concerns only Flat Glaſſes. 
Aviog ſtretched an Horizontal Thred , "and fixed Ho 


fades 
2hy 


Sorond ge+ 


+ n —— 


k.S it, as in the former way, you muſt oben hit Po N 
ar 


in the mid'>t of /it ; for if you there ſet a ſtanding Matk (as was be- 
fore ſhewed ). and by another Thred extended from rhe' Glafs to thas 
Mark , continue the Extenſion of it until you meet with ie wy Obje&t 
(viz, Walls , Cieling, or Floore) this Thred will there give you the 
G laſſes Zenith Point ; from which Point to the Glaſs a Thred muſt be 
fixed, repreſenting the Glafſes Zenith Line: '''* £6 pi 

Now becauſe Angles of Incidence and RefleQien , 'are the ſame in 
quantity from the Zenith Line, ' but caſtto the contrary Coaſt; and be- 
cauſe likewiſe the Lines' of Incidence and RefleRion are Eoth, if the 
ſame Superfices with the Zegith Line (that is t6 fay', rhe Superficies 
wherein they three are, is ever proper to the Snperficies of rhe Glaſs.) If 
therefore you extend Threds,' one from the Glafs, to a Knor in the Ho- 
rizontal Thred, and another ſecond Thred from the'Glafs alſo; but on 
the other ſide of the Glaſſes Zenith Line { which ſecond Thred muſt 
lie in the ſame Superficics with the firſt Thred and Zenith Line, which 
when it doth ſo , your Eye will diſcern}, for' in thiis caſe all rhe Threds 
will lic to view , one upon another) making-an Angle with the Ze 
nith Line on the contrary fide, © equal co the Angle made by the firſt 
Thred with the Zenith Line. ' How to make this Angle equal , I leave 
here to be deſcribed hereafter. © ' Af? 1 | 

Let the firſt Point Refleed from the Horizontal Thred, be the Meri- 
dian or 12 ; the Thred then fo diſpoſed(as before) will give one Point of 
the Meridian, upon the Roof or'Wall of the Houſe. And by the Zenith 
Line, or Thred of the Glas, ' by repoſing of it . with your Eye upon 
this Meridian Point , you may draw the Reflefted Meridian Line ; then 
conſider whercabout the true Pole of the World, which is elevated above 
the Glaſſe, is , and elevate it by the'Semi-Cirele in the true (not Re- 
flefted ) Meridian, andcaſt it upoty ſome Objet (Cieling vr Wall, &c) 
and from the Glaſs toit extend a Thred , which'is the true Axis of the 
World. This muſt now be RefleQed, by making another Thred to paſs 
from the Glaſs, on the contrary fide of the Zenith Line, but making 
equal Angles from it with the firſt." And todo this, and ro judge when 
it is contrary , is before ſhewed in the Projeing the Points of the Ho- 
rizontal Line. This Thred is to be fixed, and reprefents the true Axis, 
and is therefore to be called, The ReflefFed Axis of the World. So then 
all the Work will be now, to Refle& the ſeveral Points of the Hours 
upon 'the Horizontal Line , -unto'the Roof or Walls , or what Ob- 
x& ſoever ( Flat or not Flat) ſtands'in the way ; and then by this Re- 
flefed Axis to Projet them , by thoſe Refle&ed Points, 'all ovet all the 
Objects that ſtand in the way. - This is the Second General Way, which 


cannot in all particulars be applied to curved Glaſſes}, becauſe a cyrved 
Glafs cannot be counted as one Plain, and cannot have one” Zenith 
Line. 4 mY Su) ; 3 
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REFLECTIVE ©DTALING: 
SECHB ';. 
The Third General Way is only for Flat Glaſſes: ge 


Ge. Your Glaſs being ſet,and the Sun-fmoing, obſerve the ſpot of {pla 
2  Reflefted,. and make & Mark at it 3 Arthe fameinftant take” 


\. Sans Altitude , and inquire what Azamuth the Sunthen lad. 
2. You are to. make'a; Refleted Honizontal Line thos 5 fer any two 
Poirits 1w #quJibrio, with the G'afs ,, Refle thoſe Two Points m the 
ſame'manner as, was ſhewed beforey; and-make twotanding Marks * 
as was before declared.; then through thoſe two ſtanding; Marks extend 
a Thred ; this Thred (though nothing at all Parallel t6 the Horizon) 
ſhall repreſent the Horizonta+ Line {;- and muſt be fixed, and called : 
The Reflef3ed Horizaatal'{.eve. This may be turned or continued fide. 
ways , upwards or downwards, 85 occafion ſhall offer it ſelf, by turn» 
ing a Thred from the ends of it, in' fuch wiſe that the caſting ( wirh 
your Eye ) the firſt fixed Thred, upon ( or uato) the Glaſs, the con- 
tinuation, or returning Thred, May. -pe ſeen all one with the firſt Thred, 
and fo lie in the ſame Superhcies with the firſt Thred and the Glaſs. All 
theſe Threds are to be accounted far the Reflected. Horizontal Line. 

3- Your own Zenith or. Nadir Poinxg muſt be Projeftcd, which is done 
by ſetting ſome Marks ar Points , - perpendicularly over or under the 
Glaſs; and remov:ng poor: Eye uy you can ſee the ſame in the Glaſs : 
then when you ſee it, ſera ſtanding Mark , :1o thall a Thred extend 
from the Glaſs to this ſtanding Mark, and fo till it meer wah forme Ob- 
jet, repreſentrhe Zenith or Nadu Line ( notof the Giafs bu! ) of the 
Horizon , to which end Jet the Thred be there for a while fixed. ' * -+ 

4. By repoſing this Thred upon the fpor of Light before fornd 
(which reſpes the, Axunuth wherein the Sun was-ar the time of Ob. 
ſervation) you may projet the Suns Azimuth into the Refle&<d Ho- 
rizontal Line, where you are to tie a Mark ; for this guids ail the Work 
that follows, | T4 

5- Next conſider whether the Azimuth were Eaſt'ior Weſt, and con- 
ſequently , on wheh fide of it the;Nerdian will full ; which being 
known". you . muſt this Refle@ed: Horizontal Line protratt the 
faid Azimuth, in Me manner,thit ts:ufed in the former way, from 
thar R« fleted Horizontal Line intothe Paſt-board;' onely you muſt 'ob- 
ſerve to do ſome things (though the: ſame in ſubſtance, yet ) different 
in a peculiar, magner ,. as thus: Mpon.aPaſt-board (or any other Flat) 
being heid to the Glaſs,,, as the Apex of s-Gnomon, and ſtaid ſo by reſt- 
ing upon ſome. .Suſtentacle ,: that (though ir Le taken away, yer 
again) it may be HY the ſelf, Jame poſture: I ſay upon = Paft- 


board fitted to the-pyrpoſe,, and applied tothe Center of the Glaſs (ve* 
ing taken here as the Center of ag Horizontal Dial y and direQed. alfo 
towards the Refletgd Horizontal Line., uw it may fail into the fame 
Plaih, ; ſtretch out a Thred from the. ſaid Center tothe foinr of the A- 
zImurh hoted upon the, Horizontal Reflected Line”, "and note the Line 
that the Thred makes:upon the Paſt-board;, . for the ſaitre Line repre- 
ſents the afore-ſaid Azimuth, 1 v0 tp" 
6, For this Azimuth , obſerving the true coaſt of Reflection , ſet -” 

4 51 the 
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the Mcridian,,. and fo deſcribe upon theÞafl-beard an Horizomat Dial 
( remembering how to 45 of your Hours þy. conſidering unto what 
Coaſt the RefleQtion will .cafry them) andpuumg your Paſt.board upon 
its former Situation , with a Thred from the Glaſs or Center, projet 
all the Hours from rhe Paſi- heed tothe Reflect Horttobeh Line ; and 
tie Marks gx each. of themfexerally. © gona ow I one 1, 
+7. You are then to Refle@ the Pole,and to bs RefleRed Axis.in this 
manner: Firſt, Refle@ the Zenith or Nadir Point, and rhake a ſtand- 


ing Mark at it ; then ext*nd a Thred ſo,as t at through the length of 
you may :fee the Point of tz tn the Hartz al Lo We Gelecet 
Zenith and Nadir Point, arid'the Glaſs , al] three together, * to fhall 
you,by that means, lay this Thred in the Planities, of roy veer Now 
in the Meridiart lies the Poles'of the Wor'd,, *diſtant fro! the-Horizon- 
tal Line ({rhardifſtance being counted itt tHe Meridian' yperficies,) {o 
mach” as the Flevarion of the Pole , or the Latitude of the place, or 
the Supplement of the Latitude cometh t$. "Nov whether to cloſe che 
Latitide'or- thi Supplement thereof, rh $9 90H of the Work w,ll 
be readyto fhew 5 ou. After this then'ipp y..2 Paſ}-board tothe Glaſs, 
_ and fer- it always dirc'y rowards that Th edin the Plain of the Meti- 
dian, and'et it always reſt upon ſome THY, thar though it Le,taks ni 9- 
way , yet it may be again placed in the former true ofture, Then 
from the Glaſs to 12 upon the Horizontal'Lige,. exrend 3. red, and 
draw upon rhe Paſt-board rhe Line thar the Thred ſhewsz | 3..A0 


g rne L 19 Ypon 
the fame Paſt-oard from that Line ſo dr4wp, , and trom. the (Waſs, as 2 
Cenrer , or the place of it on the Palt-board , protract an'A wleof y our 


my N owPaA be ected Poie 
w eppen ,” and appfy ing your Paſt o its old place apan , 
by a Thred from'the G of exrended 2/01g* that Line on x Palt-roard 
and fixed, you have the Reffected Axis. TER 

$. Having fixed" this Reflected Axis, by it and the Points upon the 
Horizontal Reflected Thred,, you may project the Hour Liges upon any 
Object ( flat or curved) 'whazloever it be, and after draw them, and 
diſtinguiſh them as before hath been ſhewed._ , 

For further Obſervation herein,, Note, That it falls ovt oftentimes 
that Windows are ſo diſpofed,” that no Axis can be faſtned to project 
withal ; and the Rooffs likewiſe ſo uneven, that a ttye Ho:izonra) 
cannot be protracted : Jn ſuch caſes, .if the G'aſs lie flat, you may 
help your. ſelf-in this mariner*' area Thred ip the Ar, 

w 


Latirude, or the Suppſement'of ir , THY thaz the Re 
-board t 


level with the Gla's,; upon this Thr: project the Points of an Ho- 
2 ND, likewiſe ſtrerch anqther Thred in the Aig ,, directly Eaſt 
ahd Weſt,” parallel to rhe Horizon, elevated. aboys the Meridian at 
an Angle from the Glaf#' 7%, equal to the Equinoctials Aſtirude ; and 
upon this Thred alſo project Hour Points by an equal Circle or Paſt- 
board, fSc. Now if you extend-Threds from the Center of the Glaſs 
tothe Horizonral Hours, atid from thoſe extended Threds, doextend 
others to the cqual Points ypon the Roof, you. ſball make points c- 
nough through which to draw the Hours. 
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How, to @ Glaſs laid in a Window, and placed truly Horizonta , 
to Draw Hours upon a Cieling that is alſo truly Horizomal 
and Flat, not Curved. 


] YHe following way of the next Chapter is Projetive: This is 
| for the moſt part Lineary, and ſuitable to other Draughts. This 
is alſo more particular, tied to the Cieling , and to that alſo 
as flat only and fingle, not any way curved or multiplied. The 
other following will be tor all kinds and numbers of Superficies in 
general. This more frequent and more eaſic alſo , that more ſeldom 
happening and more difficult, 
his is branched into two Caſes, that is more generally delivered ia 
one way ; in both which this is comman,, namely, Firſt', Obſerve a 
Spot of the Suns Light made upon the Cieling , and to make a Markat 
it, and rake the Suns Altitude at the ſame inſtant , \and inquire what 
Azimuth the Sun Sn had, ho DER TIFF: WES 
Theſe things m—_—_ you are likewiſe to find a Meridian Line, 
to which end you uk alſo find the Zenith Point of the Glaſs upon 
the Cy this manner : Hold a perpendicular Thred to the Ciel- 
ing, in place that through it you may at once ſee both the Mark 
made for the ſpot of Light oblerved, and alſo the Center of the Glaſs; 
then protraQ that Line (brindly) upon the Cieling, which the Thred 
ſo hanging ſeems to make upon it ; this|Line ſo drawn repreſents -the 
Suns Azimuth at the time of Obſervation. Again, Hold up to the 
Cieling, in any other place of ir, the ſame proper Thred , and remove 
your Eye till you ſee ( through the hanging Thred) the Center of the 
Glaſs, and (your Eye there ſtanding ) obſerve where the ſame Thred 
cuts through the Azimuth Line before drawn ; 'at the apparent Inter- 
ſcion make a Mark , for that is the Zenith of the Glaſs, or the Point 
that is juſt over ir perpendicular. Upon this Point, now being:taken 
as « Center, deſcribe a piece of a Circle from the Azimuth Line, and ſet 
off (upon it) the diſtance of the Meridian from the Azimuth, keepin 
the true Coaſt that it ſhould have, which your own Judgment wu 
tell you well enough ; then from the Center to this diſtance, a Line 
drawn , will give you the Meridian Line. | Having thus. found a Me- 
ridian Line or Line of 12, the reſt of the Work will branch it ſelfinto 
o_ 4 » according as the Window ſhall look, towards cither South 
or Nott ; 


| SECT. ©. | 
If it be a Window, whoſe Aſpet# is towards the South. 


Pom the Glaſs elevate your Semi-Circle towards the North was of 
the Meridian , which you have Drawn upon the Cieling ; I ſay ele- 


vate your Semi-Circle direQly from the Glaſs to the Meridian, __ 
tirude 


7 


REFLECTIVE DIALING: 


Altitude of your Equinoctial, and where the Ruler bf your Serhi-Circle 
points (which may be found;by a Thred apply'd to; and extended along, 
the ſame Ruler , till it meet with the Plain or Cieling  'into the Mert- 
dian, there make a Point ; through this Point draw an infinite Line;, 
perpendicular to the Line of 12 or Meridiat ; this Line repreſents the 
Equator , upon which you are next toinſert the Hour Points in this 
manner : Take with a pair of. Compalles the Diſtance between the 
Glaiſes Center and this Point of Interſection, between the Meridian 
and Equinoctial Lines, the ſame Diſtance you muſt account as: a Re- 
dius, and is therefore to be divided into-1000, or more, Decimal parts, 
as your Decimal Scales uſe to be. Then out of this Scale 'and by help 
of a Natural Canon, take the Tangents of each Hour,, or 15 deg. 
vis, 15, 30, 45, 60, 75, and prick them down upon the Equinoctial 
Line on both f(ides the :Line of 12, ſq many as the Room will re- 
ceive , ſo ſhall you have 5 Points on-each fide of the Meridian ( or 1o 
many of them as the Room will give wayfor, through which all the 
Hours are topaſs ; and 10 if the Center of the Dial; pr the common 
Point of their concourle were; within the Room, it were a very eaſic 
.buſincſs to draw all the, Hours from thoſe Points:to that Center, and 
the Six aclock alſo through the ſame Centes, perpendicularly to the Line 
of 12. But becauſe the Centers of theſe Southerly Dals do moſt com- 
monly fall without the Room, therefore this way cannot be uſed. The 
beſt way therefore that I can judge of is this; :You muſt have an Ho- 
rizontal Dial calculated for, your Latitude, then ſuppofing the ſpace 
betwixt 12 and 11, Or 4, the-next; Hours on-cither fide ro be 11 deg. 
51 min. you may take the Complement of that ſpace, which is 78 deg. 
cg m.n. and upon the Points of the Hours next to 12,as upon two Centers 
"deſcribe two Arches of Circles, and protract the Anglerof 78 deg. 9 min. 
from the Equinocial Line, fo ſhall Lines protracted at thoſe Angles from 
the Equinoctial Line , be the true Hour Lines required. For it the An- 
gle between 12 , and the next Hour be 11 deg. 51 min, and the Angle 
between the Equator and Meridian be a right Angle, then mult the 
Angle betwixt the Hour and the contigene Line be the Complement of 
11 deg. 51 min. that is 78 deg. og min. Thus you may go for all the 
reſt of the Hours, till yoti come to. For the 6 a Clock Line you muſt 
know, that it 15 to be grawn Parallel to the Equinoial Line, and to be 
diſtant from it , as much as the Co-fecant of the Latitude taken to the 
fore-named Radius, - or Decimal Scale will extend tinto. . 

For the other Hour Lines rhat are further remote from-12, then 6 is,it 
-will be beſtrodo thus ; Draw a Line in any place, but Perpend. to the 
'Line of 6, and obſerve at what Diſtance and Angles the Hours alrcady 
drawn do ſtand from 6, and what Angles they make with rhe perps 0 
dicular laſt drawn. Set the ſame diſtances upon the Line from 6, and 
at thoſe Points prorra@ rhe'ſame Angle to the Line laſt drawn, ſo ſhall 
the Lines protracted be the trace Hours required, | 

Bur if in this caſe your EquinoRial Line is not Jong enough to holg 


all the five Hour Points berween 12 and &', you may help your ſelt 


thus, Prick down as many of them as you can from 12 , three at the 
leaſt, then draw a Line Parallel to the Equator Line, ſo that the 
length of it betwixt 12 8nd any Hour, may be4 or 4, or ſome ſuch like 
part of rhe length of the Equator intercepted between 12 and the ſame 


Cccc 


Hour, 
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Hou, that the work may be the more eaſily proportioned ; when this is 
done, you may upon this aft Line ſet off from 12 , or , of the Tangenrs 
betore-mentioned, which will give the Points in the ſaid Line, through 
which the Hours muſt pafs ; and becauſe the Line is paralſe] to rhe PF. 
quator , therefore art thoſe Points you muſt make the fame Angles with 
this new drawn Line, that ths {am2 Hour would have made with the 
Equator, and therefore they muſt be protracted in the fame manner. 
And if you would caſt the Hours from 'the Cieling to the Walls, jou 
may do it by the general way ſer down 1n the fore-poing Precepts ro 
transfer any. Hour by the Apex of the Gnomon , any part of that Four 
being given or drawn. oy | 

You may turn the Secant of your Latitude at any other Aour,as 4,and 
divide it into the Tang, 30..Or you may at the third Hour Point from 1: 
in the Equino@ial, turn upa Perpend. to the Equin. or « Parallel to rz, 
and make that Line to be aa length <qual 'to-the Co-ſecant of the Lati. 
tude taken out of the former Decimal Scale or Radius. If now at the 
end of this length you draw a'Line Parallel ro the EquinoRtal, the fame 
will be the Line ot 6. Then farther , raking that Co-fecant of the Lz- 
titude as a Radius, or Decimal Scale, ſet upon it (as a Radius) from the 
Point of 6, rhe Tangents of 15, zo, and 45, that is the Tangems of 
1,2, 3 Hours; the rhird Hour Point bemg ar the meermg vt the Equater, 
and this Poitt , or the whole tength of the Line , and (which 1 ſhoul 
have ſaid before) draw. this Line quite beyond, as far as the Cieling 
will ſuffer , and from the Poitr 'of 6, both ways, oron both ſides oft, 
ſet on the Tangeats as beforez-ſo have you the Points through which all 
the Hours muſt paſs. |' Thew if i be known at what Angles to this 
Line the Hours do lie, it witl be eafie to protrat ſuch Angles npon the 
tore-placed Poins-, and actordingty to draw the Hour Lines. Now the 
Angles that each Hour Liane makes, with this Line hft drawn, are the 


ſame that they make with the Line of 12, and accordingly muſt be 
protracted. 


SKCT. 2. 
If it be a Windotw hooking towards the North. 


Hori a Meridiah Line, as is ſhewed before ; from the Glaſ- 
ſes Center upwards into the Meridian Line, elevate your Semi> 
Circle, according to the Latitude of your place, and obſerve (-by a 
Thred joyned to the Ruler of the Semi-Circle, if need require) where 
the Ruler of the Semi-Circle points out the ſame Latitude, there make 
z Point, for that is the Center of your Dial, which is nothing but « 
plain Horizontal Dial. If you deſcribe a Circle upon the Center, and 
likewiſe out of that Center ere a Perpendicular to the Meridian , 

are fitted to perform your work ; for you have no more to do but to ſet 
offcither from the Hours of 6 or 12 ( which you like beſt} all the 0» 
ther Hours, according to their ſpaces, in an Horizontal Dial, from 6 er 
12 ; and fothiscaſe proves ealier thag the former did. 


CHAP. 
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LC H.A P, | V, | 
How by this manner of Work pon a Flat Window that is truly 


ES 
gt s 


- 


a Getiter , 'deſeribe a Circle, and _ the fame Circle (from the A- 

ca toward the trac Coilt ) ſer off your Meridian and dtaw it. 

cn, EI £: vp &+ * 
$60 Tg} ts 1 5d) 


J X 01/14 1 
If 4. be a Window looking towards the Sonth.. 


I & 7: ob } | 

Rom the Point of. the Gaomon down to the Meridian , let fall your 

Semi-Circle ,, ſo much as the Complement of the Latitude comes 
to.,, and mark the Point which the Ruler 6f your Semi-Circle rhen 
makes upon the Meridian: Perpendicular to the Meridian, in this Point; 
draw the EquinoQtial Line,and then finiſh all your Work, as is taught be- 
fore in Cieling Dials ; for it is the ſame quite. through, without -any 
manner of difterence at all z' and ſo there needs no more to be ſaid of it. 


SECT. 2 
If the Window look towards the North. 


[nd out the Meridian, as you did before, then from the Point of your 

- Gnomon, depreſs your Semi-Circle, into, or upon, the Meridian, fo 

much as your Latitade is , and note the Point in the Meridian, that the 

Rajer'pointerth out , for that is the Center of the Dial ; from which 

Center a Perpendicular to the Meridian, is the Line of 5; and from 6 

and that Center, 'you may protrat all the Hoars , as before in Cicling 
Dials, that look towards the North. 


CHAP. 
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| - SW WR , © 
How from a Glaſs Horizontally placed (or from Watcr or other 
Liquors) ro Refleft Hours upon any Superficies, Flat or 
Curved , one or more. v4 | 


All the Fur- P*grHis is for ReſleRted Dials withina Room, and is not yet limiged 
one Spc | to a plain Superficies,but is general to all, Flat or Curved, lyin 
eg of aber Horizontal or ſtanding Upright,. or elſe Leaning. ; ic is general 
oats nog inreſped of the Superficies, whereto the Deſcription /is to be 
oe Her Made , but particular in reſpe@ of the poſture of the G)gls, for thae4s 
Lina (vith here required that it ſhould be Horizontal. Now to place iz: Horizontal, 
oe Semi do thus , Lay it into a little Board, flat and even-with the Beard, and 
tudcs as are tither make it faſt, by farcing It 10to the Board (rhe place: of it bein 
_— that ſtreight and juſt fit) or clſe over lay, it with a Plate of Lead beaten very, 
lov) the Glaſs NIN z but beſure it lie true to the tlat of the Board; then with a fma 
or Horizon, ] evel lay. the Board truly,Flat or Horizontal , which will be done with» 
out any great dſt-uſty, which is to lie for the moſt part ia a Window; 

t.. The Glaſs being laid, gbferve the Spot of Light that. che Sun caſts, 
and make a mark at it. x 61 

2. And immediately obſerve the Suns Altitude, and find the Azimuth. 

2. Then extend an Horizontal Thred in the ſame Level with the 
Glaſs , but within the Room, I LO CEN : 

4. Afterwards projet the Azimuth-into the Horizontal Thred, by 
holding up a Perpendicular Thred in ſuch a place , that though it hang 
at liberty, you may at once diſcern both the mark of the” ſpor of Light, 
and the Glaſs likewiſe ; ' and then obſerve where the Perpendicular 
Thred ſeems ro cut the Horizontal Thred ; at that apparent interſeRion 
ric a ſhort Thred for a mark of the Azimuth, | 

5- Apply 2 Paſt. board to the Glaſs, and ſo that it may be ſtaid upon 
ſome reſt, that after it 1s taken away it may be reſtored to the firſt po- 
ture without impeachment : Let it be alſo held Horizontally, fo as that 
it may have full relation to the Horizontal Thred. 

6. At the Glaiſes Center make a-Point for a Center upon the Paſt- 
board, and extending a Thred from the Center of the Paſ-board to 
the mark of the Azimuth upon the Horizontal Thred, draw uponthe 
Paſt-board that Line which the Thred ſo extended figures out thereon. 
Afterwards, unto the ſame Azimuth, upon the Paſt-board., draw a Me 
ridian, and to it an Horizontal Dial, and applying the Paſt-board to 
its firſt Situation, project the Hours thereon, unto the Horizontal Thred, 
2nd the Knots ; all which is done in the Room. _ | 

7- Then proje@ the Meridian ( by a perpendicular Thred, covering , 
In apparance , both the Knot of 1z:and'the Glaſs) uvto the con» 
trary Coalt to that wherein the Pole is elevated ( above the Horizon ) 
that isto ſay, inour Northern Climats you muſt proje& the Meridian 
gow hwards from the Glaſs, becauſe the North Pole is elevated. And 
"7 the Meridian, elevate your Semi-Circle from the Glaſs Southwards, 
rill it riſe up to your Latitude ; ſo ſhall the Ruler of the Semi-Circle 
point out(upon ſome Object ſet to receive it ) the North Pole Reflected 


Or 
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| Orellſe if that be nor convenient Yarn in Windows or ſuch like 
places that ſtands towards the South', the North Pole will be 
without the Room, and fo the Axis above the Glaſs extended to« 
wards that Pole will be without alfo) you may in ſuch caſes find 
out the __ Pole to it , that is to fay » that Pole which the for- 
mer reeflected Axis being extended through the Glaſs, and below ir, 
would ſign out , and that may be effeQed in this manner : 


_. Proje@ the Meridian Line towards the Pole that is elevated , that is 
with us towards the North Pole, and then ( becauſe the North Pole 
is elevated by RefleQion towards the South, ſo, by the ſame reaſon, the 
South Pole muſt be depreſſed towards the North ) with the Ruler of 
your Semi-Circle , direQed even with the Center of the Glaſs, expreſs 
or projet your Latitude downwards (but towards the North ) ſo ſhall 
the Ruler of the Semi-Circle point out the refleed South Pole in the 
Meridian. Now whether you will or can (moit conveniently ) uſe the 
reflected Narth Pole above the Glaſs, or the refleRted South Pole 
below it , you are to take your choice, for both the one and the other 
of them do repreſent the reflected Axis of the World. 

8. By this refleQed Axis, and the Hour Points ſigned out upon the 
Horizontal Thred , you may eaſily projet the refle&ted Hours, in the 
ſame manner that hath been heretofore declared upon any kind of Su- 
perficies, one or more, what ever they be that ſtand in the way. 


_ _ — OOO Io ey oO oo OE eee 
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How to make a Dial to @ Flat Glaſs laid aſlope, refleting the Hours 
all obliquely, and upon any kind of Cieling , whether, Flat or 
Curved; or mixt of both, &c. If the Window wherein it is 
placed look towards the South. 


Lthough ſomewhat hath been ſaid hereof before , yet this being 
in ſome particulars different , it ſhall be ſet dowa 1n ſeveral 
by it ſelf. 


SECT. t. 
of ſetting the Glaſs, and fitting it for the intetded uſe. 


F it be a pjece of Looking-glaſs foiled, then the work of the Dial 
will be moſt viſible ; and ſo fnore expedite ; bur then it will reflect 
two ſpots of Light at the leaſt, the darkeſt whereof coming from th 
u Superkicies, will be the that the Dial will anſwer unto ; but 
if the Foil be rubbed off, and the back-ſide (-inſtead of Foiling) be co- 
vered over with thick Oyl Colour, or rubbed on'a Brick, (Sc. then will 
it refle& only the dark Spot from the upper Superficies of the Glaſs , 
and the light Spot ( which in the other came from the Whiteneſs and 
Politneſs of rhe Foit ) will (in hs , | Oy loſt. This will be the 


rruer 
' 
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' truer way to go , but the more obſcure for RefleQion, beth in making 


a _ 


R BELECTIVE . DIALING. 


and uſing of the Digl. Which focver of the, two Ghafles you will aſe, 
ſet ir be of' indifferent large; Diameter ( about + of an inch or tyore ) 
that rhe Reſleiog may be the more facile, as hereafter will be ſhewed. 
Let it be inlaid into a piece, of Lead or elſe Wood , ſuch as the heat of 
the Sun Beams may nat alres ; and there fixed with hard Wax, or ſuch 
like gltutenous matter ; then place it aſlope in ſuch convemency for Re- 
fletion as you ſhall Judge fitteſt , namely'; ſo as the work may be 
(moſt of it at leaſt ) cait upon the top and ſides of the Room, and as 
lit Leas may be upon the floor. Andif the Stool of the Window where- 
in you fix it be broad , thea let it not ſtand upon the Stoot of the Win- 
dow , but above it , at ſome reaſonable diſtance, leaſt by the ſame Stool! 
you, perchance, be hindered in the RefleQion. Upon the middle of 
your Glaſs, as near as you can gueſs, make a ſmall ſpot of Ink, which 
ſpot hereafter is called the Center of the Glaſs. | 


4 $ hs; al 


Of the Obſervation to be made by the Sun , and fitting all things for 
further progreſs. 

yd. perform this work of Obſervation, ycu are to do all things, as 

if you were to makea dire Sun Dial, to the Center of the Glaſs, 

as the Gnomon ; and that all common impediments may be removed , 

let all the panes of Glaſs, where the RefleRing Glafs lieth , be taken 

down out cf theway, that you may have convenient room to do rhat 
which now to'loweth : 

1. Firit, Set an Horizontal Thred n £qui/ibr;o with the Glaſles 
Center. 

2. Hang up a perpendicylar Thred , betwixt the Sun and the Center 
of the Glaſs, fo as that the ſhadow of it may paſs through. the Center 
of the Giaſs ; and in that polition you muſt ditigently obſerve where 
the ſhadow of the fame perpendicular Thred, doth (at the fame time) 
cut the Horizontal Thred. And to perform this the better, let your 
nlp ne Thred be bigger than ordinary ; and beſides, hold inyour 

and ſome fair Paper ( which may better receive and repreſent to you 
the ſhadow of the Perpendicular Thred ) fo as that you may thereon 
ſee where the ſhadow of the Perpendicutar Thred doth cut the ſha- 
dow of the Horizontal Thred, and in the apparent interſeQion 
draw a ſlipping Knot (ty'd before for that purpoſe upon the Rorizontal 
Thred ) along the Horizontal Thred, till the ſhadow of this Knot fall 
into the former interſection of ſhadows; and when this work is done, 
(which will: be troubleſomenough , and ſo you will need one to help 
you ) immediately rake the Suns Altitude. 

3- And by that Altitude compute the Azimath of the Sun, which 
is repreſented by the fore-mentioned flipping Knot , fixed in its due 
place as before. 

- 4- By that Azimuth, anda Paſt-board (Horizontally apply'd to the 
Center of the Glaſs , and ſo lying level with the Horizontal Thred ) 
inſert the Meridian Point, 'and the Points of alt the other Hours, as 1s 
wy th Direct Dals, in the Horizontal Thred, and there affix Knots 

erally. 

5- By a perpendicular Thred held up within the. Room, and ordered 


in 


qo 

I 
| 
7 
Fo 


in the hanging o/, - as that you may ſee 
the Meridian Knot, and the Center bf the 
upen the top of the Room , this Projetion ſhall bv the Meridian Line 
which palleth direly overghe Center of the Glaſs, ' | A, 
6; Fromthe Center of the-Glaſs into-rthis Meridian Line, dire your 
Semi-Circle;; .and elevate it to:your Larituds;| wnd fo (by it Y inje@ 
the North Pole into the ſame Meridian,, within thoſe Windows that 
look towards the South, will fall within the Hooſe upon the Cieling. 
7, From the Center of the Glaſs to this North Pole, extend 2 
for the Axis of the World, and foÞ that purpoſe fit a Wire with « head 
like a Pin , then faſten that Wire into, or near to the Wood whereon 
the Reflecting Glaſs is laid , ' aud bow down the Head of it ;'"antill it 
touch the Glailes Center ; then faſten your Thred Aris to:this Head of 
the Wire , at oneend, andto theCieling at the other end. ' + 


Thus are all. things fitted for further progreſs in the Work. That 
which is hitherto delivered , no what differitlg from what is pre- 
ſcribed for making Dials for the dire Rays of the'Sun. 


SECT. ;z. 
. -Of further fitting the Work that is preerequired to the Reflefting 


of Hours. 


Before any RefleQion can be made, it will be requiſite?, that the 

_ dire Hoursbe ſo expreliled, that they may from theoeo be b 

into the Glaſs, and from thence again RefleRed to the Cieling 

or Sides, or any other part of the And the readieſt way 
that 1 can find for this purpoſe is this ; 


Hs befor. prepared your direft Axis , and likewiſe the Hour 
& £4 Points upon the Horizontal Thred, you may by them. proje& 
(with your Eye) each Hour ſeverally withqut the Window, by one of 
theſe two ways : | 


t. Lay a long Stick or Pole with= 1, Nail down ſomewhat near ; 
out the Window (upon two Reſts) and as low at leaſt as the RefleQing 
about halfa yard from the Refle&- Glafs, ſome lictle Stick or Wand up» 
ing Glaſs, outwards towards ther on the Stool (or to fome other part) 
Sun,and let it lic (as low or) near a» of the Window, fo 2s that it may 
bout the Level of the RefleRting be turned about the Neil as a Cen+ 
Glaſs: There is no exactaeſs res ter Pin 4 letit lie about half a yard 
quired in this. without the Window towards the 

Sun, and ſome ſmall quantity with- 
in , that it you dv conveniently 
rurned about with ſome ſtiffneſs ; 
make a notch in theyery end of the 
Stick, that a Thred may lie and 
ſay in it without flipping. 


2. When things are thus fired, you dte firſt 60 project each of the di- 
te& Hours ſeyeratly (by help of the dired Atis; arid of to Hour _ 
| od 


*, 
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is, by repoſing 


þ ng 
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izontal Thred) upon the Poſts of the Window. The way 
poſing the Knot ( of that Hour you would project ) upon the 


-Axis , and then your Eye (limitedto that pare ) will 'pro- 
l Of 


ject the Axis (or the: fore-ſaid Hour.) upon tho 


ndow Poſts. 


which apparance or Projection of the Axis , take notice of that Point 


onely 
or which looketh moſt 

Upon the Pole laid without the 
Window, in that point of the 
Poſt faſten a Nail. 


3. Upon that Nail, at the very 
entry of it into the Poſt, hang a 
Thred , and put the ſame Thred 
upon the out-{ide of the Stick, or 
Pole that is laid without the Win- 
dow, and ſo turn it under again, 
and bring it into the Window, 
where you may hang ſome ſmall 
weight at the end of it , onely to 
keep it ſtreight. 

4. Ser:your Bye again inthe ſelf 
ſame Poſition , or poſture that it 
had before , that is, let the Axis 
be repoſed again upon the Point 
wherein the Nail was driven, 'and 
on which the Thred now hangeth, 
and keeping your Eye fixed there, 
remove the Thred which goes a- 
bout the Stick, until you ſee it 
juſtly cloſe with the Axis, and 
when you have ſituated the Thred 
in this Poſirion , let it ſtand; for 
now the Center of the 


the Window ſides , which is neareſt to the extremity thereof, 


Upon the extremity or notch of 
the Stick lying without the Win- 
dow, there in that Point of 'the 


Poſt faſten a Nail. . 


3- Upon the Nail (where it en- 
ters upon the Poſt) hang a Thred 


.and put the ſame Thred into the 


Notch at the end of the turning 
Stick, and hang ſome little weight 
at the end of it, only to keep it 
ſtreight. Thus is there a Thred 
extended from the Nail to the end 
of the Stick. 


4- Set your Eye again to the 
ſame poſture that it was before, 
that is to ſay, repoſe the Axis 
again upon the Point whereon 
the Nail was driven , and where- 
upon the Thred now hangeth, and 
keeping your Eye fixed there, turn 
the moveable Stick, in the Notch 
whereof the lower end of the 
Thred rideth ; turn' ir, I fay, 
until the whole Thred fall juſtly 
inwith the Axis; and when you 
have ſituated the Thred thus, let it 
ſtand ; for now the Center of the 


 CVUSI 


Glaſs , and'this newly fituated Thred, do lie in the Saperficies of that 


Hour which you are about to project ; and conſe 
Sun is in the plane of that Hour, 


fall upon the: 


vently wherever the 
then will the thadow of the Thred 


terof the Glaſs, which is the ground of the whole 


Work of RefleQion , which now followeth: Let this be called, The 


Diretting Thred. 


SECT. 4. 
Of Refletting the Hour Lines ſrom the Hour Thred to the Cieliag- 


1.TO prepare yet further for the Refle&ion of the Dire Thred, 
faſten a Nail upon ſome Poſt of the Window or other ( if u be 


near 11 


overthe Glaſs, it is the more convenient for uſe ) and on it 
tie a Thred , which for diſtinRion ſake, call, The Refleting Thred, = 
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let the lengt 


3- Look now into the RefleQing Glaſs, until you ſee the ProjeRtin 
Thred, which if you have once btwfce welt, bu will eaſily Gnd 1 with- 
out long looking. And when you do ſee it, carry your Eye, according to 
the length or courſe of the Thred, ſtill keeping it 1n your Eye, until you 
have brought your Eye as much overthe Refleing Glaſs, asconveni- 
ently you can ; and then alſo ſee that your Eye lay the Hour Thred juſt 
in the Center of the Glaſs. When this is done,move the RefleQing Thred 
till you can perceive it to lic ney wee your Eye andthe Glaſles 
Center. ; and likewiſe the Dire@ Thred appearing in the Glaſs; that is, 
let all bedone ſo juſtly, that your Eye may at once ſee all theſe three 
juſtly together in one Point ; namely, The DireQing Thred ( repre- 
ſefted"in'the Glaſs) the Refle@ing Thred, and the Center of the Glaſs ; 
and when you ſee themall three together , hold your Eye as far off 1s 

can, that they may appear in-more exaneſs ; then let the Refle- 
ing Thred reſt againſtthe edge of ſome Stool, ſer for ne | and 
tght 


2%. 


bring the fipp ng Kidde , thatitalſo may juſtly ('to your ) lie 
upon the Glaiſes Center, and the repreſenred DircRing Thred: And ſo 
let themreſt. ky Pas 01 7 IM 


- 4. Then take the AI and draw it out to the Cieling , 
ſo as iFrmay totitlrthe (lipping Knot before-mentioned ; and when it doth 
ſo, note in what Point it toucheth the Cieling or Walls, &c. of the 
Room. Note -that'Point Cl ſay ) for one Point (of the former Di- 
re&ing Thred ) Reflected. | | 
+. As in the1aſt 3Seftion 1b in this place again, look for the ſame 
Dire@ing Thred'in the Glaſs, ''and follow it'down till your Eye' come 
as low ( 1d6/not-mitan near-)'to the: Glaſs as you- can ; and keep the 
aryptologre) TR upon the Center of the Glaſs: Then bring the Re- 
HeQting! Thred berwrxt your Eye and the Glaſs'z and moye 1t and the 
- ipping Knor upon it until your Eye (at a good diſtance off) can ſee 
this Knot, tlie Center of the Glaſs, and the repreſented Thred , all 
three juſtl together, '6hic upot the other. 'And then fix your RefleQ- 
im bs 4b. 1 C21 ; 12346 9457 
;N Afterwards take rhe ProjeRing Thred , 'and by it ( as intheJaſt 
ath'Section ) project" the Point 'br flipping Knot" up or downt”ro the 
Cieling or Walls,” of Floof -of the* Room; fo ſhall you get a-ſecond 
ror Cot the ſane Directing Thred) Reflected. «IOTID Ig IE, © 
-" 57 Then havi one Hour found out, you mayextend 


your oe hin Pindd'vo ode _—__ , and with your Eye repoſe the 
rad upon 


red upon” the 6ther of thiet}- fo ſhall the apparance of the Thred 
ive you all the Poinrs; t Which the Reflected Hour Line muſt 
be divwn.” And by this maniet of Woflt; tHe TanieReflected Hour may 
be'continucd',' br extvied (quite he Rog. oO = 
 $:48/the fam@'irfariner «ll 'H6ars truſt be. drawn ſeverally. 
Firſt , They muſt be ſet or-proJeted directly *itito'the Thred Hours, 


called, The Directing Threds (as in the 4th SefF. of the 111 d. ) and after- 


. Eece wards 
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wards from thence they are to be Reflected, as in this ath and the 


Sections hereof is ſhewed. 


_Y 


Cuar, VIIL 


How the former Precepts are to be 
looking Northward. 


_ww_— 


9h 1 to Winds 


ta A LL the Obſervation, and laying of the Horizontal Throd 


-within the Room, Wc. is to be done as be 


fore, | 


2. But in theſe Windows, the Direct Axis will riſe from 

the Glaſs upwards without the Room (not withia i, , as the 

laſt did ) There muſt therefore ſomething be ſet up to receive it ,..that 
it may be fixed from the Ccater of the Glaſs to that whick is to: re- 


celve Ut. 


3. Then you are to lay ſome long Stick, or ſmall Pole (at ſome con- 
venient diſtance from the Glaſs ) without the Window , laying it as 
low as the Glaſs : This is to receive the direct Hours, which to place 


right do thus: 


4. Project with your Eye the Hour Points ( or Knots that are upon 
the Horizontal Thred ) upon the darect Axis , fo ſhall the Shadow (or 
Projection) of the Axis, give the ſame Hour upon any Object that lies 


in the way , asnamely, u 


the Pale that way-laid on purpoſe. to 


receiveit. And this Work you may do. either of theſe | two ways: 


Firſt Way, 


Make Marks only upoa the Pole, 
for each ſeveral Hour , and when 
they areall Narked,. tie a Thred 
tothe top of the true Direct Axis, 
or, take the true Direct Axis it ſelf 


( or Pale of it )., and, then ſtretch 


that Thred to any of the formerly 


nated Points ; the ſame Thred 
ſhall repreſent each Direct Hour, 
according as it is apply'd to each 
ſuch, Point... Theſe are the Direct 
Hours , and may be'Reflected, as 
is taught before. [ 


But if home of theſe Points 


True Pole to any 1 
ſo theſe North Win 


& 
WS are compleated too 


Second Way n 


The work is the ſame as before, 
to.make Marks .upen the Pole for 


'the ſeveral Hours, which being 


done, you muſt: firſt Reflect the 
Pole, and mark a Point of is withs 
inthe Room; this Point is the Re+ 
flected Pole : Then reflect each 
Poiat uponthe Pole into the Roam, 
ſo have you the Hour Poigtg Re- 
flected. After this, faſtea a Thred 
to the Reflected: Pole, - end. then 
ſtretch the ſame to any of the Re+ 
flected Hour Ppinss3 and then pro 


. je<&. this Thred upon the, Glaſſes 


Cegter, {o:ſball the Thred thew 
wheze-to draw the Hours, [Thus 


- Jo forall the Hours, RN 

fond & - od upan the Pole fall. 'be bolow the Glaſs 
and 10 cannot Reflect d) retc} al vQot 

A bikes vOnee Ts 


| from-the 
ns ia the firſt of theſe ways; 


Note, 


Iowa 


o 
"% 
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"8... 
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REFLECTIVE: DIALING 
Note , lnſtead of the 3d. Seton of this Direftion , where you aro 
preſcribed to lay Gem {mall Pole, may nail down 2 ſmall 


Stick, or Wand , upon the Stool of the Window , 45 1s before pre> 
ſcribed Sc. z. Num. 1. of South Windows. 


ms, —— 


—— 


Curar, IN 


How to make Eaft and Weſt Dials to a ſlope Glaſs, apon 
any Walls or Cieling. / wel 


Heſe Windows that look near to full Eaſt or Weſt , cannot have 
any Dire Axis.extended as other (North and Sourh ) Win- 
dows have, becauſe the Poſts of the Window will ſtand in the 
way , fo is this here added , that rhe iographer ſhould 

not be left deſtitute. And now, akhough no Axis (ei Dite@or Re- 
flected ) can be extended, yet the Direct North Pole may be found 
(and then the Dial made) in this manner : 

1. Having ſet the Horizontal Thred within the Room, even with the 
Center of the Glaſs , make an Obſervation of the Azimuth, as is before 
directed in South Windows. 


2. Then amon gt many Ways take this, Stretch a Thred from the 
Center of the Glaſs to the Rot of the Azimuth, ty'd in the Horizontal 
Thred ; this Thred ſo ſtretched {hall repreſent the obſerved Azimuth. 
Or, if you cannot (becauſe of: ſome hinderances that ſhall lie: in the 
way ) ſtretch out a Thred in that manner , lay an juſt over thoſe two 
Points ( of the Glaſs and Horizontal Thred)) and let it alſo be equi» 
diſtant from them both , which you may do by your Com 

3- Aſſume ſome one Point oft ia Azimoch Thred for « 
ſore firm Point there, and call 6 Point the Center, . Then 
board (or ſuch like) protract the Azimuth and (.the North or South 
vart of ) the Kendian. or the Angle that is made between them.  Af- 
terwards lay the Center of this Angle upon the fixed Center before- 
medticned. » and direct one of, the Logs of Angle ans god fore- 


wy fixin 
Paſt” 


tho 
named Azimuth Thred , fo hyll.the- other-Leg of the Anglo (if 


2 


bold ir right , whict our judgraent will dr 1 ln ach dog 
where the Meridian | L .be;;; whiah project upon fome Object 
Ciefing or Walls ) as the manner is , upwards tathe North Pe 

4- ln this Meridian, with your Semi-Circle , find the Pole, and 
(from the fixed Centerto.it.) extend vo Axis: This Axis is parallel to 
that which ſhould +: Fo up from, ___ Glaſs, 


5, Abovcand rereh attother Thred Parallel to it, at 
7 pmorygr ex r er 


o—_ Procepts] which now! «ſo, as ſee hs Cenma 


ſo that now you 
CR hkds vi 


prhniles true North Pole 'to the 
Comer of th Gian Chowgh you chew d an Axis from thence ) 
camely thus : # + of 2 kits h# 


6 Repoſe (with your Eye )- __ theſe Axia yy the Crater of 


4. he. 
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REFLECTIVE DIALING: 


the Glaſs ,, and mark where it ſhadoweth upon ſome fit place to receive 
the Pole = good way from the Glaſs ; and if there be nothing'tb re- 


ceive it, 


et up ſomething) there draw a Line. Then repoſe the other 


Axis upon the Center of the Glaſs, and mark where it ſeemeth to croſs 
the former drawn Line , that croſſing 1s the North Pole to the Glaſſes 


Center. 


7. Then having found the Pole , faſten a Thred at it; and without 


the Window lay a Pole, as before ſhewed , as low, or lower than the 
Glaſs. The work that now remains , is to ſet Hours without the Win- 
dow , that ſo they may from thence be Reflected into the Room. 

$. Take the Pole Thred , and lay it to one of the Hour Points upon 
the Horizontal Thred , and. repoſe it with your Eye upon the Glafles 
Center, that ſo through this projeing Thred you may at once ſee the 
Knot upon the Horizontal Thred , and 1he Center of the Glaſs. In 
this Propoſition the ſhadow of the Thred will projet two Points, one 
upon the Barrs or Poſts of the Window , and' the other upon the 
Pole that lies without, | You may ſo ſtretch a Thred from theſe Marks, 
and that Thred ſhall be the dire& Hours without the Window ; and 
you may try whether you have ſet it true by the Pole Thred applied 
apain to the Hour Point in the Horizontal Thred. When the dire& 
'I bred is thus placed, you may Refle@F it, as hath been'before thewed. 


LEMMA. 


$ # 


How by having one Thred extended in the Air , to ſa. | 


another Parallet to it... 


[rſt projet the Radiation of the'ſtanding Axis, ' that way thar you 
mean' to ſet up your new Axis ; then in ' that Radiation' let two 


Threds-beextended, touching the Axis both of them , 


and 


both mak- 


ing Angles with the Axis (the nearer Right Angles the better) and both 
hidden in the former Radiation, and both faſtened ; ſo theſe two Threds 
do keep. both in one Plain, and both in the ſame Plain with the Axis ; 
and the» new required Axis is to touch theſe two Threds ſo placed : 
Wherefore extend another new: Thred for a new Axis, which ma 

touctvtheic two Threds always; and in that touching Poſition try wit 

your Compatlles, untilyou find it-<quidiſtant from the other Axis, You 
may |help-your ſelf by: ſetting any folid rhing that may touch tbe;firſt 
Axis towards cach end ,'\in a Point whereon the fbot of the Compalles 


may ſtand\Withour quayering , and ſoeaſily try whether and wh 
C4 JOLTE&?5} 4 iT.25£ 4% & | . , 


new Axis #s:Parallet ro: it; 
' J094 1 bon $19: 


$44 he DAN ©, 19%, 9c TY1 ; ALITET ' Fo 
1 |o'! ,: Another way to ſet an Axis juſt under oy over the firſt. "+ 240% 
"JAag up the two Perpendicular: hreds towsrds both ends,'thhe ma 
H ouch the firſt Axis,, and pa rs Knots-upon chem-j/ir: thoſe 
ing Kfdf9at 
two firtt Knovst And 


- 


Poipts whepeio they do,couch ;_ then put. two more flipp 


ve 


o 


one ,,.or,aq equal diſtance belo(y, or gbove thoſe 


. - 


en the 
' ® = 


when this is done, . lex the two. Parpendicular:Fhrods hang /ardiberty ; 
and nk y. If now you exten my Threg, __ may adach theſe 
two. .laſt, Knots. upon the Perpeadieular Threds, the fame extended 
Thred ſhall be another Axis Parallel to the former. And this (as I ſaid 
before) muſt needs lie juſtly above or juſtly below the former Axis, and 


will do the buſineſs. 
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If a Flat Refleftling Glaſs ſhould, by miſbap, be put out of his 


place, how to reſtore it again. 


Hough I ſpeak only of Flat Glaſſes, yet 1 intend todire@ how 
| ſuch a Flat Glaſs may be reſtored to its true Poſition , whether 
it beto lie Flatly or Obliquely. One may be thus; | 
Becauſe ſuch Glaſſes lie moſt commonly in Windows, or ſuch 
places, you may ſo (when your Hours are Drawn upon the Cieling or 
other-where ) ſtretch a Thred from the Glaſs to any one Hour, and 
then with your Eye projet the ſame Hour Line, or one Point of it, 
if- it be not ſo done before) upon ſome other Ovjec then is the Cieling, 
ſuch namely , as ſtand exther Perpendicular, or at ſome ſenſible Angle 
to the Cieling or Superficies upon which your Hours are Drawn: (as 
the Glaſs or Poſts of the Window ) and make ſome mark of this. Pro+ 
jeQion, with ſome Sign, or Note upon it, or Figure ,, that yon may af; 
terwards know again , to what Hour it belongeth ;.. ſo, do-with ſome 
other Hours allo, that is, twoor three, 'or four Hours diſtant from the 
former ; ſo ſhall you (by the foreſaid Hours ,-and their: Marks , -now 
mentioned } be able to reſtore the Glaſs, if it were taken away. la this 
manner : 

By the two Hours, and their two Marks, you may find the reflected 
Axis again, by which the Hours were, or might have been pro- 
jected at the firſt ; for two Threds, being firſt faſtened to the two 
Hours and theſe Marks, you may from thoſe Hours ( and by their 
two Threds, cloſely touching them ) ſtretch our two other Threds, and 
where they (upon thoſe conditions of touching the two new extended 
faſtened Threds) ſhall interſe& one another, there is one Point of the 
RefleRted Axis, and there is ſome ſet Mark or Point of Wood to be 
for a time fixed. So again, the ſame two Threds in the ſame manner ex- 
tended, to touch two other parts of the firſt faſtened Threds, ſhall find 
Agother point of the refleted Axis, at which Point again, another Mark 

or Point of Wood is to be faſtened. This projeQing, or re-finding the 

refleted Axis, may be done other ways bh by the Eye ) which they 
that have practiſed theſe Precepts in this Book, will be ready of them- 
ſelves to find withour any more Directions. 

Now in any part of this refleted Axis (with a Thred extended from 
the two fore fixed Marks, or Points of Wood quite along, as far as is 
needful will ſhew) you may fix the Glaſs again : I ſay in any part of it, 
if your Dial have nothing but Hours in it, but if it be furniſhed with 
other Circles of the Sphere, then not any Point of the Axis, but one 
only Point where it ſtood before, muſt be found again, for that onel 
will ſerve all turns. And the readieſt DireQions to find that Point will 
be this : 

Frff If 
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REFLECTIVE DIALING 


If your Dial be furniſhed with Parallels of the length of the day , 
count that Parallel which is equal to the days length , in which you 
would reſtore the Glaſs, for along that Parallel ſhould the ſpot of 
Light move all that day : Wherefore you have no more to do but to 
prepare the Glaſs, and move it. too and fro upon a ſmall bit of 
Wax, till the ſpot of Light be Reflected upon the ſaid Parall=l of the 
length of the day, and there fix it. The like may be done if the Pg- 
rallel of the Signs ( and not rhe Jength of the day ) were inſcribed 
upon your Cieling ; if firſt by the Planiſphere you find in what Paral- 
lel the Sun is upon that day in which you intend to reſtore your Glaſs. 
But if neither the Parallels of the length of the day, nor the Pars}. 
lel of the Suns courſe ; but the A2zimaths (or only the common Hours) 
be upon the Cieling, yet you may help your ſelf thus. At ſome con- 
venient time of the day find by the Planiſphere what Altitude the Sun 
ſhall have upon that 'Azimuth or Hour, on the day you intend to re- 
ſtore the Glaſs, then ( before that time of the day come) extend a 
Thred from the phce where the Glaſs is to reſt,to ſome part of that Hour 
or Azimuth, for which you have before computed the Suns Altitude , 
moving of it backward dr forward along the ſaid Azimuth or Hour till 
the Thred and Plummet of the Semi-Circle being apply'd thereto, hangs 
upon the Altitade before found; and where your exrended <rring reſteth 
upon the Azittiuth or Hour, makea Mark ; and obſerve dilingent] 

the'Sun comes torthat Azimuth or Hour : Then move the Glaſs 

in its place too and fro, tillthe ſport of Light be Reflected upon the 

on before found , upon the Azimuth or Hour ; and there fix the 
Ss. 
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the Semucircie 


' #2 "Center of the Glaſe 


te te m which the picture of the 
moveable Socket i repreſented to 
the tye m the Glaſſe...' - ; 


K.L . the perpendicular tirad a 
H.I . being wyfinizel ral aotll mc 
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with the. Ce w ſome pomnt : 


FPY the moueble Socket -- % 


F ſlipping ns knot uf 


SHEWING 


The Way to Draw all maner of DIALS, which ſhall ſhew the 


Hour by a Spot of Light, RefletZed trom a Glaſs upon any Creleng, 
or other O&ze?F whatſoever, without any reſpect had to the Axis 
of the World, either PROJECTED or REFLECTED. 


AS ALSO, 
Whether the Glaſs lic Paralle/to the Horizon or Oblique wnto it. 
TOGETHER 


With all neceflary FURNITURE belonging 
thereunto. 


All performed by an eafie Insrumanr fitted 
with Lines to that purpoſe. 


— Mt... tt. th... ” Sand th. a 4... 
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The Deſcription of the Inftrument. 


' Fr there be a ſtreight Ruler of W394 or Braſs male, as AG, 
the length , breadth, and thickneſs, at Diſcrerion: About 
the middle of it, or nearer to the end A, ler the hollow 
B be made large enongh to compaſs a Socket of Braſs, into 

| which the Glaſs muſt he firted, and fo that the fiducial edge 
ABC, may be imagined to pats through rhe Center of the Glals, 
when it is fixed. On the other fide , asat F , may be made another 
hollow , like that at B, to the end yournmay uſe either -edpe of rhe 
Ruler, as occaſion may ſerve; to the end of this Ruler mult be added 
another at right Angles C M , made moveable, yer ſo ſupported by a 
Bracket E ,« behind , that it may ſtand ſteady at right Angles, - and 
unto'this let chere be fitted = Mippis Socker with = fdacial edge þ i ; 
let the pixee CM be divided ay & Tangent Line to the Radius BC, 
and of that length that it may contain about 42, or 48 degrees, which 
you tieed not divide beyond 45. Oa the other fide KM, to a ſhorter 
Radius, let-the Tangent Line be continued to 64 degrees, - or therea- 
bouts, which will be tar enough for moſt Dials of this kind, the whole 
repreſenting two ſides of a Rectangular Paralellogram , or Carpenters 
Square, the one Leg longer than the other, all which by the Figure an- 
nexed, is eaſily underſtood. | CHAP. 
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REFLEX DIALING. 


C H A p . IT. - 
Precepts for the ready Uſe of this Inflrument. 


Irſt, In the place where you intend the Glaſs ſhall lie, make faſt 

IN ſome piece of Wobd or Braſs, exactly-Horizontal, unto which 

you may joyn ſome other large piece of Board , Paſt-board, or o- 

ther, it matters not , ſo as it be made to ſtand firm and Hori. 
zontal , till the Dial ſhall be finiſhed , and rhen taken away, 


(Of 


Secondly, Having upon any part of your fixed piece of Wood made 
a Mark , over which preciſely ſhall be the Center of your Glaſs ; upon 
this Mark as a Center deſcribe ſo much of a Circle as is neccſlary, to as 
large a Radius as the Paſt-board will give way, and then the Sun ſhine- 
ing, hold up a Thred , fo that the ſhadow of it may paſs through the 
Center of your Circle ; and mark where it cuts the Circumference, and 
at the ſame inſtant take his Altirude, aiid find his Azimuth , either tri- 
gonometrically, or by ſome Aſtrolabe: (of all projections of the Sphear, 
I know none fo exact for the performanee of all things neceſſary tor the 
making theſe Dials, and the ſolutionof-all other Aſtronomical Pro. 
blemes, as that commonly called Blagydve's Jewel, now put out , 
every way much amended and altered by Mr. John Palmer , Rector 
of Eon in Northamptonſhire, my eſpecial Friend, 


Thirdly , Having found his Azimuth, ſet off now the South or Eaſt 
Line, by help of a Scale of Chords made to the Radius of your for- 
merly deſcribed Circle, we will rake the. Example of an Eaſt Dial : 
As for Example, In the Latitude of 52 deg. 15 min. I obſerved in the 
Tropick of Cancer the Suns Altrirude.15 deg. oo min. By my Aſtrolabe 
I find his Azimuth , then from the Eaſt, or ſix of Clock Line was 


LC SS 4% © 


Is 


REFLEX' DIA nina 


In the Latitude of- 52 degrees, 15 minutes. 


Diſtances from the Eaſl 
on the Horizon © 
Hours ag. min 
4 36 oo \_ From 
5 |} 13 4o\\ Northward 
6 00 00 
7 18 40 T7 moe 
< as From the 
Il 78 20 ward. 
Iz go 00 


| In the Th ropick, of Cancer.” | 
How. Azivs. Nw Eaſt. Smns Alt, 
H. ”. D. m:; D. nm; 
4' 0G] 37 30 OZ 00 _ 
5 0Q0| 25 40 10 oo 
6 00|-15' 00 | 18 30 
7 oo| o0Z 30 27 30 
8 o0| 09 oo 37. . 00 
g oco| 22 30 45 30 
10 oO} 4 of --__ 2 0 
' 00 | 30 59. 20 


| The Suns Azimuth, Albjende ey Amplitude, for every | 
Hour #: rhe Fquinoctial and Tropls, calculat 


from 50 10 56 deg. of Latitude. 


w— 


HOURS.. 
Before Noon el > >. i i VII IV 
| VI 
Afternoon | | T7 mi m By v| if M4 vt 
; \Azi.'go © 60 3837 2620 12) 6 494 jIry 3? 
>» [Tops Pins 3061 03 4 43146 I5hz6 F 7 13147 47 s es 
S FAzi.. 'o 00/70 70 4453 00,37 20/23 I: 1605 6c of "i 
4 pag TAlri i 00138 23 33 $9.27 oats ' 45] 9 39/29, 99 
2 Ip Chim ye m——_— TY” | | -| | 
[4 | *70PÞ- "2 Altir. |16 395 1811r 30, 6 24 © { 
EE Amplitude [90 - = 24\66 ogy2 3337 oolrg 17 09 So[r9" 1737 | 
| F V1 we 
C Azi.\90 oo[6r 3 738 37121 2c] 7 31ſ4 2ofty 1 [26 10 37 24 
ob 2r0p%. S o 30150 09,54 04445 53136 45137 2 914T 1 
'O . A z1.190 COOry7e T7 25 __ Fol2z4 © ti 4Fjo 00 | | 
& | Equinoc+ { ajti129 oo[37 26/33 02|26 25118 20] 9 22109 oo | 
$ _—_— pn—y _—__—_— 
E T vim oo[75 49162 10149" 40) | | 1 
' rop. P?Alcit. [1 3o|I4 20/10 F7 819 (et 
3 5 $715 3 
| | Amplitude jgo ool78 r4\65 yolgz og46' 3819 © 06 ooft9 02/16 zB 
_ "Az. oo 0062 2019 "41122 16] 8 1913 n4314 59126 01 37 23 
" | Tropi- S {Ati 6x 3959 1653 2645 31136 37]27 2518 19] 9 41 r Fo 
'S Azi.lgo coo71 13153 46138 1 24 28 tx 5500 00 
oY Equinoft.4 ajci. 38 0036 29/32 13|25 aft 55] 9 1000 oo 
DO ————  —— — cr _ 
b- Azim.|90 0075 53|62 15|49 2 | 
* Trop $A I4 30 Bo. I0 : 4 J3 | 7 he 
| L Amplitude |: 50. 0078 og|65 32151 46.35 14 18 47 00 eg 47136 - 
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a OURS. 
Before Noon Al XX IX VIE VIE V i 
XI 


— —_ 


VI 

Afternoon ne” 4 I. I nl IV V | | VII VI 
Azi.|90 o9'63 05/40. 4223 1209 0313 »1814 4Olay 5237 21 

| Trop. " Ln bo 3058 23 ſz 4745 0838 28/27 28 16 zales 27 02 26 


Azi. 90 071 27154 4 os 38 37124 45/12 of 00 oo 
41Alri, 37 00:35 33/31 25 25 11/17 341/08 $909 00 


hs 


OO — 


—c OD ———_— 


| 

Y 

| G 

Z rs ohm 99 0075 (6155 1949 27 
| 

® 


Latiirude F3 deg. 


Alric 83 39,12 = Bo, 11,04 07 
Amplitude 90 0977 55.65 I5fr 2335 5218 3300 colts 33/35 5al 


Sy OCD ———s cnt. 


— 


| 40 , 06/09. 472 # 4914 2025 4237 11 19] 
| Tropi. S $A o8 36 1427 3118 4960 3303 0z 


| 


A2h. 71 40.54 29 25 ©0212 14/05 00 
EqUInOC. {Alti 34 3630 36 17 o5|o8 45|20 00 


Azim, 75 5962 23 
Trop. 3 Altir Ii 25 08 18 


Ah 


Amplitude 97 4664 5Bis 35 31118 1960 oolt8 19135 31 


Latitude 54 deg. 
A 


en i ———_— 


ny 


C. 30 90 00.64 28 42 3625 ©0010 29/2 »1314 onſas 3237 16 


, Azi. 
Tropi. & 4 \- | 
Alti F8 3056 35i51 2844 1936 08|27 3419 0410 y9jog 3 
| | 5 


— —— 


| 
Azi.|9o Co,7I 5354 52139 1925 19/12 2300 oo 
EquinoR.9 ri 35 0033 3929 4723 5616 40/08 3200 00 


| . 
Azim.|[90 e076 0262 2849 31 
Trop.w$4 ir It 3010 2707 ha 36 


| 


_—_—_— 
——_— 


oY 
VG 
_- 
- 
_— 4 
VL 
2 
= 
3 


—— | — | | — 


C _ Amplitude {90 00:77 37 64 41159 41135_1118 0700 00118 o7l;5 1 


I —O—— — 


—_—— 


- Azi.(9o 00 6x 06.43 3125 F311 10In31i113 4oſzy 21 37 I3f 
Tropt. S TAlti/57. 3055 4215046443 53/35 35 5787 361g 18ſt 1 25/04 15 


Ari. go 00/72 offF5 0939 4go2y 35/12 32 
; Equinot Alti.3.4 0032 42/28 823 I7 16 14|c8 19 
Azim.'go 0076 05,62 31149 33 
Alcit. [x © 3909 — 31ijor Fo 


Latitude 56 deg. 
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Amplitude'go 00.77 2964 25 fo 20 I8 55 
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REFLEX DIALING: 


C nar. I. 
How to faſten the Glaſs and draw the Hours, 
HP's gone thus far, your next work will be to faſten your Glafs 7 


in its Socket, to what Obliquity you pleaſe, at.adventure, and. 

fo to order all things that the Center of your Glaſs may be di- 

rely over the Center of your formerly deſcribed Circle , and: 

the heighth of the Center of your Glaſs, equal to the thickneſs of 

your inflrument ; ſo that the hollow part of the Ruler encomp ng: 

the Socket , the fiducial edge may paſs through 'the Center of your 

"_ z- which you may mark with a little ſpeck of Ink, till your Dial 
is done. . . 

The Hours are to be Drawn in this manner : Firſt , get the Points 
where the Hour Lines ſhall cut or touch the Horizon in the Cieling, by 
which Poiats the Horizon it ſelf may at the laſt be drawn.. Theſe Points 
you ſhall ger, as in this Example in the Latitude of 5 1 deg, oo min. 
when the Sun riſeth at Four , I find by the Table and h in the Column 
boogie to that Latitude , that his Amplitude or Diſtance from the 
Eaſt Northward,is 37 deg. i g min. Place therefore the Radius of your In- 
ſtrumenrt to that Amplitude or Azimuth, marked before in your Circle 
upon the Horizontal Board ; and the Socket being ſet to the Suns Alti- 
tude, whichis oodeg, oo min. obſerve, with your Eye,where the fiducial 
edge of the Socket, jn the point of interſeion with the Altitude, will 
be refleted from the middle of the Glaſs , which you ſhall find always 
in the ſame Azimuth, if the Glaſs be Horizontal ; but if the Glaſs be 
Oblique tro the Horizon , the RefleRion will ſwerve toward the Pole 
Zenith of the Glaſs, more or leſs, as the Obliquity is. Hang a Thred, 
or faſten it in any place , ſo that holding it between your Eye and the 
Glaſs, it may catch this Refleaed Socket where ever it comes, and 
where it cuts the Thred tie a (lipping Knot, Now a Thred extended 
from the Center of the Glaſs , by this Knot to the Cieling , ſhall rouch 
the Point where the Hour Line of ,Fopr is to cut the Horizon. In like 
manner you ſhall find the Points for 5, 6, 7, 8, if need be; and if you 
will alſo, for 9, 10, 11; and 12 , working by the Amplirudes of the 
ſeveral Hour Lines, as you did by the Amplitude of Four. A Line 
drawn through theſe Poins, ſhall repreſent the Refleted Horizon, if you 
ſhall have a deſire to draw it. Ci £- Wa | 

Then laſtly , Goto your Table for the Tropick of Cancer, and in the 
Azimuths marked in your Circle, and belonging to every Hour you in- 
rend to draw, place the Radius of your Inſtrument , as before you did 
for the interſeQtions of the hours with the Horizon ,- and move.the Scc- 
ket in the upright Ruler of your Inſtrument rothe degree of Altitude be. 
longing to that hour you intend to dfaw, which you ſhall findin your Ta- 
ble calculated forthe Elevation of the Pole, from 50 d: to 56 d. and with 
your Eye Refle@ it by help. of a Thred hung up any where, and held 
between your Eye and the Glafs, in the ſame manner as you did the Re- 
fleted Horizon ; and where a Thred extended from the Center of the 
Glaſs by the Knot touches the Cieling, that is the Point for thar Hour, and 

| a 
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a Line drawn from thence to its correſpondent in the Horizon, ſhall re- 
preſent the Line where the Refleted ſpot of Light will be for all the 
ear. | 
: As for Exaitiple , Ih the Latitude of 51 deg. oo min. I find by my 
Table that the Suns Amplitude or Azimuth from the Eaſt Northward 
ih the Tropick of & is 37 deg. 19 min. at the hour of Four. There 1 
place the Radius of my Mſtrument, and move the Socker to i deg, 
£7 min. the Suns Altitude in that hour, then the Inftrument remaining 
i this firtarion, 1 Reffe& che Socker as before was ſhewed. This you 


rti6ſt repear for ſuch Hours as you intend to draw, and finiſh your 
Dizl if you think fit. 


Note, Where yot caffrior readily find the image of -rhe Socket in 
the Glaſs, w_ narrow , you ſhall lay a broader piece upon the 
narrower , '4hd having found it in the broader ( which will foon 
be done) keep your Eye upon it tifl fore body removes the 
broader Glaſs , ard you fhidll exfify find it in the narrower, for 
thete about it wilf paſs. | 


Note alſo, That if you find not your Latitude in the Tables, you 
mitſt work a pfoportional part, in this manner: Suppoſe 1 deſire to 
draw a Dial in the Latitude of 5 t dep. 32 min, and would find where 
rhe Hour of Four interſt@s the Horizon ; 1 find not that Latitude , but 
find 5o dep. co min. and 51 deg. co mit. If $0 des. 06 min, 1 find the 
Amptitude ar 4 hours 60 min. is 37 deg. 24 mitt. In 51 deg, co min, it 
is 37 deg. tg mid. their difference is 5 min. Therefore, As 1 deg. : to 

m1n. : : So 32 min. : ro 2 min 40 fee. which being ſubdued our of rhe 

mplitade belonging to the Latitude of 504. 37, 24, ſhall give you 
$7 .2.1 Minh. 2o ſec. the Amplitude required. Or, adding it to the 
mplitude of 5 1 d. oo m. you ſhall find the ſafne thing, 
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CHar. IV: 
Of the Furniture of Dials. 
# Zr Parallels of Declination , of Altitude, the Azimuths, Pro- 


portions of the ſhadows of their Gnomons, and the like, com- 

monly called , The Furniture of Dials , may beecafily inſerted 

| by this loſtrument, if any rhan ſhall deſire it. Though to 
ſpeak my own judgment , 1think theſe kind of Additions rather for 
Ornament than uſe. Firſt, Becauſethey are many of them in their 
own nature difficult to deſcribe , being Seions of a Cone , and muſt 
therefore be drawn from many pawns, which hath ſome difficulty in 
the performance, except where: they fall out to be Circles, which caſe 
will only happen where the. Plain paſſing by the vertex of the Cone 
makes Right Angles with the Axis, there the common Seftion isa Circle. 
If the Pla. touch the Gone, it will be @ Parabola. If it cut it, _ 
perbole, 
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perbole. Laſtly, If it neither makes Right Angles with the Axis; and 


neither cuts, nor touches the Cone , it will be an Ellipfis or ſtreight -..__ 


"TC 


Lines , as The Az1 oof, — 
Secondly , Becauſe when they are Drawn, every Aſtrolabe will re- 
ſolve the Problems more; theg, they wilt; | 
. (__ - a third Reaſ - , = ads of Lines often 
inders thoſe that are not uſed to them ,. totell the, of the day , 
whictt Nee ufe'of- Sun Diets. Fecially-in ons Fay kirid f 
where the ſhadow of one Point of the, Axis gives the Hour... 
Kg 


Yet, ſeaft my fhonld thitnk this Inſtruthent imperfect _ | hall thei 
the Dekrnten of fore of thi” ent” Bivs hotel its Thduly of 
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1 The Parallely of Decliation. 
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Heſe are of as as 
of  Þeing the Parallels of the greateſt Northern or Squrhern Declind- 

tion, may ſerve to litnat'&f1 bound theDiral, and for thertt I need 
w adde no new Precept,'' haying*before in the #hird Chaprer 
taught you the Deſcription of the TropickoF's. The Tropick of » is 
deſcribed in the ſame manner by help of your Table, placing your 1n- 
ſtrument to the Azimuth belonging to every Hour, an din your 
Horizontal Circle, and RefleQing the Socket, being before placed to the 
due Altitude. If you dgfire the intermediateParallels, either you muſt 
take the pains to Calculate Tables, *orby any Aſtrolabe , you may per- 
form it exactly enough for this purpoſe. 

| 45Y » Wt. E-A 


C H A P, VI. | 
The Parallels of - Altitude. 


He Parallels of Altitude aro inferted after this manner, not much 
-: differing from the former.- Suppoſe I would inſert the 2oth Pa- 

F rallel of Altitude. Move the [lipping Socket to 20 de in 
the Ruler , and the Radius being placed in any part of the Ho- 
rizaots| Board , Refle@t with your Eye, : by! the help of a'Thred , and 
2 ſlipping Knot , the image at.chaSockes, rand carry. it to' the Cieling ; 
da thus till you have found: as many Points-as you pleaſe; through 
which a Line drawa , ſhall repreſent that Almiointer., ' ' 
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great-uſe as any*;*berauſe the two Tropicks | 
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The Proportions of the Shadows to their Gnomons: 


— —_— 


- 


VHeſe are no other then Circles of Altitude to a determined pro. 

portion, and' may thys:be ſet on,: Conſider firſt, what 

tion you deſire to expreſs. As for Example, I defire to know 

when the Shadow is double to the Radius. I take in my Come 
paſſes the length of the leſſer Radius of my Inſtrument, and-upon the 
upright Ruler from ood. oo m. meaſure that length twice , you will 
find the Compaſſes to fall upon'6 z'deg; 30.min. to that degree and mi- 
nute , ſet your moveable Socket , then your Inſtrument being placed as 
before is taught , wi2. - Thet the fiducial edge of it, paſs through the 
Center of the Glaſs , remove it upon the Horizontal Board, from place 
to place, and refleR ſeveral Points, through which draw a Line. Aral 
times when the Spot is, 19.that Line ,.. the ſhadow of all upright things 
whatſoever , ſhall be double to their length ; by which means you-may 
fiod what heighth any Steeple. or the like is, by meaſuring the ſhadow 
of it. in the ſame manner may all other Progortions be inſerted. þ.. 
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To put inthe Azimuths. 


| Ook what Azimuth you deſire to expreſs : As for example , I de- 
fire to put in the 16th. Azimuth from the Meridian. Firſt, upon 


your horizontal Circle, mark that Azimuth , and next examine 

what altitude the Sun hath in that Azimuth, in any parallel you 
think fit, or which is moſt proper to be made uſe of, and to that Alti- 
tude ſet the ſocket , and place your Radius in the faid Azimuth, then 
reflect the 'image' of the ſocket , and carry it to the Cieling , it will 
meet. with theparallel if you have wrought truly , there make a mark. 
Do this for the Horizon; where the Sufts hath no altitude ; and mark 
the refleed point; through thoſe two, draw a — line, if the Roof 
be flat, otherwiſe you mult ſeek more points. After the like manner ma 
the uncqual hours; Foe of the Sun' that culminates , and ſuc 
like, be inſerted ,- which 1 leave to the induſtry of every Pradtiſer to 
perform. I ſhall now ſhew a ready way - by: this Inſtrument, to make 
Dials to a flat Glaſle , theſe precepts hitherto being fitted to glaſſes that 
lze aftope or oblique, whether convex, flat, or concave, 
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| How to draw the Hourdines' t6 a Glaſle that lies Parallel 


v1 to the Honzon. 
gn: oe rgaing precepts., only inſtead of 
Er yore = now place the Radius of your 
frm, ſo har th c _ = uler may be within the hom] 
then applying it over in the Azimuth given for that hour, 
move the ſocket tothe altitude of the Sun in that , and from:rhe 
Center gently, extend a.threed , which ſhall ſhew you one point 
this for as many;parallels as; you'deſire , if the Roof happen not & be 
flat, otherwiſe two : are enough. 
For ; in the latitude of 5.1 deg. 30 m. I draw a Meridian if! 
can,,, which is likewiſe an Azimpth,,, and find that. in the Tropick of 
Cancer ,. the Sun.will then be.62:deg. oo m. bigh , to which 1, move 
the ſocket , and extend & threed by itito the Roof which ' ſhall 


ive the point Do-this for the &quinoRial , and through 
c De Ree the hour. UNE. 
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deſcribed, 
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« that ck do and witl detai ew yet for "IM time 
7 *% Gunn not have given you this fouble of a Letter; 
f - for purpoſed in my pr Vacation frombufingfsto have ſeen 
« JF you ; yet becauſe 1 A our laſt _— there was ſomerhing 
« ' ſtarted of Reflexed DANG Farris told y You, 
« ought mane in Twaor we not ha. 
rig Com locum ambulanidi fn, foo 6 dei the ſame, 
Coo for ES 0 4 little qu cer the  0e2aftoljuf th | is, 2rd the ra. 

« ther for that I am not' certain of ſeeing you. -710p97 3 

Firſt therefore , you are to take norree of 'this peter! Synopſis of 
Dials or Plains, whereon Dials may be deſcribed, 
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So that. the names of rhe ial Plains are in number 22. The firſt, 
admits of no, variety: F others the ſame direQioh or calculation will 
ſerye for twy of one kind , ih ſome for four, | 
Now for the partiFular deſcription of each , ſo many have made it 
their buſineſs and ingenuity , that here ſhall be ng more ſaid then what 
is already evulgared , which is.morethen ſufficient , although I could 
Symbolum offerre \ and that ascurrant as ſome of the reſt; but becaufe 
the occaſion ts Reftexed-Dialling ,.and that from a Plain and RefigQing 
ſaperficies howſbever polited,. know. that this ſuperficies muſt neceflari- 
ly be ſome one of the 22 varieties abovelaid, this is proved, i#dufive, 
by a perfect enumeration of all the (mgulars; for all plains muſt fingu- 
Jarly be in ſpme one of theſe 24 Poſitions. "1510 

2. Apain, the plainof the Glaſs ( conſidered as an ordinary plain for 
a Dial ) muſt be, taked as a plain in a Counter-poſition to that ordinarp 
plain , as for inſtance in the horizontal; an horizontal Glaife-reflets an 

orizontal Dial, as ſhould ordiharily be mad- to. the Antipodes of the 
ſame place reflected ; and fo the like in the reft of the -plains, -where 
you' mult be ſtill ſure to apprehend the plain.of-the Glaiſe to make an 
Antipodical Dial tothe ſame plain.taken with a refletion, -'! | 
. As all Dials in their delineations or tracing of their - hour-lines , 
refpe their proper Axis, Horizons, and Zquators , ſo likewiſe do theſe 


the ſame in their reflexed poiture ;. and there how you are to proceed to 


argue and ſtate theſe; ſo as you may take your practicein-thenn , as in 
rhe ordinary plains » I ſhall be fo free with you as to give you: my con- 
ceptions , and therefore, -- | 7 7 

*-4. Becauſe the Palesof the Zquatorand Horizon are ſo called in the 
cominon Nomenclature , as they are perpendiculars , fo for that rea- 
ſoh ſhall I call the.p rp dicular of the Glade, the. Pole of the Glalle, 
concerning which F e, take theſe 4 Theorems, | "out 


That the Azi-\ © * 
maihb Kpon WA | 
Pole of the\ OW "PI 
\ Glaſs .is foundy _.0* Horizon, « the þ, -clings. | 
+... | comparedunthy) C3 Meridianygy the Inclina- || 
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5 How to ſind this Pale bf thic Galle, the Clake it ſelf being {0 ſmall, 
and fer withira ſocker, as no Inſtrument cart be applied to the plain of 


it, there are [WO,WAYS- PRE 
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ference of longitude... pofthat G laſs. 


1© Grometrically ; For fapp6le the'Sun ſining on the g] ſat @ the Fig. I, 


{uchs like thing, beld up 


111 «100 


ſpox or reflection © at D. A.Ruler, anger, 
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ur B, ſoas the ſidesof a Triangle B CD may be meaſured. Then the 
ſide DB cutin E Þy the 6 lib. Euchide prop. ;,thall give CE the Pole 
of the Glaſs. Then an horizontal paſtboard applyed to C ( the Me. 
ridian being being firſt found thereon ) will by a perpendicular threed 
hung up,' give you the Pole of the Glaſle, and a Oubddne applyed to 
that Pole his altitude or depreſſion in reſpe@ of the Horizon. 

2 By Trigonomety-, or Calculation ; For the Sun ſhining upon your 
glaſorace his altitude , and at the ſame time mark with a pencil the 
ipor or refleion ; for by this ( without the Sun ſhining any more 
there is enough to draw the whole Dial with all the lines of the Globe; 
tor ſuppoſing C in the Center of the Earth) as all Nodus's of Styles are 
ſuppoſed) and C O the ſpot or refleQion to paſs into the Heavens 
into a cerrain-part as C ©, which comes from rhence. lt is not to 
be doubted that the Arch of a great Circle O © would be madethere. 
by-z: the$ whereof would be C » the pole of the giaſs, for the angles 
ot incidence and refteQion are equa], both in reſped of the perpen= 
dicular ,:as alſo the plain of the glaſs, And fo from the Azimuth 
and Altitude of the !Sun taken , as alſo of rhe ſpot, the Azimuth, Al- 
titude, Hour-lines, and Diſtance from the Zquaror of the Pole of the 
glaiſe-(the four things which are before d.retec) are eaſily found. 
6, For the ſpeedy finding of the refle&ed Axis both of the Equator 

and Horizon (for without theſe the refle&ed hours and Azimuths are 

not to be drawn ) as alſo'thereflefted Horizon , Zquaror and Tropicks, 
there gre two. ways. **/ | | | 

: By Inſtrument, 2 By Calculation. The firſt way direQs the ſecond, 
and 10-of rhe ſecond I ſhatI-Hay bur little, rhat my Letter mav nor ſwell; 

And ſor the firſt, for an'Example, 1 will propound the Horizontal Inftru- 

ment of the place,where thefe Dials are intended to be drawn, ſuppoſe 

at London, where the latitude is 51 d. 32 m. So then, let this be the 

Queſtion , which is propounded ina Centeſim's of degrees. 


| PROBLEM. 


In the IatitudeN. 51 4d, 53 c. * the Sun being in the firſt ſcruple of 
Cancer , havivg poſt meridional Azimuth from the South 5o deg. 8g c. 
and Altitude 53 arg. 75 6 caſts from aGlaſs a refleftton O of poſt meri- 
onal Wir | rom the North 2.1 deg. 74 c.and of altztude 26 deg._ 
69 c. 1 dr fire to know the Pliim. | 


an 2 SOLUTION: 


N the Horizontal Dre of the latitude propoſed , let the fun © , 
the ſpot O; the Zenith T, the Pole of the Glaſs » , and the Azimuths 
and Altirudes be laid down according, to tho, Data's in the.propofition . 
and the tarinerof the Diagram, Qz2#itar © O, the; whereof 9 +, 
and fo 7's; 4+ O18 a ED | 4 4 US | 
And again P * and PZ, equal to the.declination of the glaſs, v2, 


N-A, «- _ 
- . 
- 


AlſotwieeZs = ZP--thr refleted Zenith of the glaſs, and E X . 
go deg. PLN An 
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And V X Z the proper;Horjizon or plain. of the Glaſs. _ 

Laſtly, Twice P» gives;you ? D therefleRed Axis, c. for the re- 
flected Zenith -and the reflected Axis of the Glaſs, are thoſe whetet 
the Hours a Azimuths are to be drawn ; which ogy, wh the 

ator and Horizon ( becauſe: they only are great Circles and: biſc 
chi Globs ) will be ſtraight lines p— mg . | ” 


But becauſe , as perhaps, through haſte (and the ſhort contraQion of 
this, which 1 had rather have diſcourſed then thus made up into 
a Letter) any error may have happened in the celine -of the 
Triangles upon the Horizontal Diagram , take this Stet eotuti. 
on by the Globe. e 


2 SOLUTION 


Tie Pole of the Glaſs being as by the fifth found, by his Azimuth and 

Altitude aſſign a point upon the Globe , by ſome piece of white 
paper or other thing clapt thereon , from that point with your. Qua- 
drant of Altitude uſually made therewith, or 47 Semicircle of Steel, 
Braſs, or Whale-bone , application being' made tothe Pole of the 
World, Zenith, ewo points in the Aquator 'and Horizon (becauſe great 
Circles )) Tropicks , Sc. the oppoſite equal Arches thereof, ſhall give 
you the reſpeQive reflexed points; having always a regard from this 
point or Pole of the glaſs afligned , that you make the Angles of Refle- 
Qion equal tothe Angles of Incidence. From hence now ſome neat 
Concluſions may be deduced, ſach as theſe ; 


x Firſt, That the Sun being at the point D-(that is having North de- 
clination 19 deg. 4; c. 4, poſt-meridional Azimuth $0 deg..z1 c. 5; 
Altitude 32 deg. 53 c.4, and Hours 45) ſhall give a refle&ion to 
P, that is parallel to the Axis of the World, and? lo by conſequence 

- - the Sun in his own poſition. to the Glaſs ( if by obſervation you 
.watch that moment ) ſhall ſhew -you the refle&ed: Axis of the 
Glaſs, 13.71 

And ſo at London this refleted Axis is found , when, the Sun is 
in the Meridian having North declination 13; deg. 6c,} , the 
plain of the Glaſs lying Horizontal. |, CLF -oity 
By this ths Superhicics of the Glaſs, or the Plain of the Glaſs , ap- 
pears to be one of the 2,2 variety of. Plains, and that it declines 

- | 60 deg, -and-reclines 54 deg: bra 2 | 
That by the plain of the Glaſs repreſeited, in the Horizontal Dia- 
gram by V X Y., you have [the Hour-lines.expreſſible upon that 
Plain ,-or which can be refleQted by that Glaſs, and alſo the time 
of the year; when the Sun will firſt ſhine thereon, andthe conti- 
nuance..! // 


That without any Glaſs, you may from a point taken, aſſign a 
reflexed Axis where you pleaſe, by an Azimuth and Altitude taken 
to your oOWn fancy ; as ſuppoſe at D, then will, the Poleof your 
Glals be found as before ,'and you muſt be careful in bringing the 


Center of yur Glaſs into this point, and ſo place it, which is alſo 
very feazible ſeveral ways. 7 For 


"968 REFLBX DIALING. 

7 For the pratice ; of rhakihg of theſe Dials , with all the Furgi. 
tire thitteof { the Theory being thus laid down) 1 ſuppoſe you are well 
efoufh —_ therewith ; 1 ſhould propound for 'my own praQtice 
ary one of thee. i ITS, 

A Having gor the refed Axis, which will always paſs thorow the 
Center of the Glaſs both into the Air and into the Room f if the 
tranſome of your Window lie not dire@ly in th? Meridian] and 
having ercAed a paſte-board, or ſuch like thing at Right-angles 
thereto, *parallel to the reflected Xquator, you may by threads 
defign the hours ; 'a5 is now a very familiar practice in making of 
$tring-Dials, which ferve both for the hour ot the day by the Sun, 
and hour of the night by the Stars. 

2 By a plain ſet parallel to the Superficies of the Glaſs, at a conve- 
nient diſtance , whereon you are to defign what you intend to be 
put on this Dial ; and if the paralle] plain be of paſte-board or pa- 
per; a thread faftned at the Center of the Glaſs, ſtrikes your whgle 
Dial fe morſa papyro. The diſtance of the plainfrom the Glaſs , 
will 'be a8 you pleaſe ; vie. the diſtance of a plain from a 
'Nodus. Fnu99 oh : oh 

3 The pole or perpetidicular of rhe Glafs bein drawn out and de- 
figried , You can eafily 'propdund to your ſelf, 'what, and in what 

ſition the Suns rays will make an Angle of. incidence with that 

perpetidicular ; 'and ſo by a Semicircle or Tangenr-of fine Paſte- 

board fſtned to that-perpendicular, you can, on the other ſide, 

affipn the like Angletor Reflexion. And for the Horizon', which 

is to be refle&ted, two points may many times eaſily be got by th 

eye, looking into the Glaſs , and fo between the eye and the 

Glafs-interpoſing '4 mark as. by Sect. 5.two pointsare lufficient to 
 _-defign that. js 

Ant hu by 'bte or 'other of theſe ways you ſhall-be ſure r6 hit of 
your purpoſe. * ft ei 1 

Arts conrltde', 1 ſhall tell you of an Inftrument or DiaF for my 

own'itſe ,* which by enefſingle hour-line deſigned within a Roony'( and 

that at pleaſure, - which will prevent the ſoiling of Hangings ,' Cup- 

boards, | dt-ſuch-things ina Room) ſhall moſt readily give you the 

Hour, and/aQually*( if your Room be large ) every-:tay in the year. 

The Inſtrument may be of neat uſe in Gardens , ' beitig' ſet near the 

Worth fide of a Wall of Tower , yet (o that the Sun may'ſhine thereon, 

andthe reflection be:miade in rhe ſhadow. » 90 94 01 215.207 


Ir js very.plain and ready , and the hours upon 


*# 


| theidSquinoctial na- 
tarally divide therhſelves nfo . dep. ' piece ; and the reaſon there- 
of ( that4is ,-rhe demonſtration) is very apparent; & / © 7 


b 


' -'Phis'Reflexed Dixt here mentiofied- is no other >then an Equinoctial 
Didl\,>Ridh'ss : is'deſeribed-in- the 'X'V. Chap. Seev; I; Fig. X. of the 
Firſt Tractate, or that in Chap. XVII. Sect. 1. Fig. XVII. of rheſame; 
for all are'to one effect ; "thoſe Plains Tying paralkel/te'the/Axis of the 
World , ani therefore the Stile lies parallel to rhe-Phains :'That 1s, the 
Plains do'lie in ſome-one Hour Cirele or other. Thewif the Superfici- 
es of a plain Glaſs (T-mean the on deſigned for'a Reflex Dial ) be fo 
plated, the Axis (becauſe paralleto*the Plain) will hav$nolncidence, 


» and 


| WR Tos, | 
Fs WIA gt At CNA od 
0 _ "4 - : *' WW zy "»Y 


# 
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and ſo by conſequence no Refleion ; The Perpendicular this Glaſs 8 
(being an I=fogingry Point) lies id th&Equaſgr : +80 ther the Superficies 

of nn. Glaſs tixed in a Gnomon to turn __ now a _— wing) 

into theElevared Pole) wilt contin t (the; 


into ſome one 'Hour line oC other draw 


within the room. And then bring 6 ir Tire wityan «pit 
turn round , ſuch as is the Hour Circle of a Globe , that Index then 


reQified to the true Hour , When the Spot ſhews upon the Hour line 


in the Ropm, bringing .the Spot afterwards, at. an to the ſaid 
Hour licie , the fndex unaltered will give the true A's \\ 


Now why the Hours upotrthe Hour Circle 
grees a-piece 1s very apparent, For the,P 
cting Glaſs will always |bifeet tlie Equinoci 


rehend but 7+ de- 
the Refle. 
Art iht ed be. 


tween the Sun and the Spot (which is the Sun reflected) and o by con- 
ſequence the Plain or Superficies of che Glaſp, thoving daklith the Per- 
pendicular , er Imaginary Point _— the Index of the Hour Cir- 


cle, is onely promoted 73 degrees 
Demonſtrarion at lirge | 16 yy a matter , bp nrnodbe Apce hy 


ment further than 1 have ſaid ; the Figurs HI. will better" inform-1 ou =I% IM. 
than many words: NS being both a: Meridian and' Horizvatal 


PS the Axisof the World , Z the Glaſs, 7 (26 oe Tue ed, bux 
the latex movephle. | wad PTY | LY 


TN defiri 
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REFRACTIVE 


DIALIN G, 


"OR, OF. 
DIALS by REFRACTIO Nt 
9” 'SHEWING 
' {Fo Different Ways , Viz.) 
INSTRUMENTALLY and PROJECTIVELY, 


How ro! make. $+#. Diels inthe infide of any 


Concave Yelſers ( cither.Regnler or: —_—_ ) and to inſcnbe 
Comme lenb Furnitare. 


Which 'D Ys, als ſhall £ ſhew the true Hoar of the 
, and Declination of the: _ : 


m— Hours: The.Sign 


; Thei Fo rap no 


yr Aw | Veſſel th 


I, Domafy < 
filled wi Water , or when it ſhall be Full nd Wy: 
Empty. 


Th" Eleventh TRACTATE © 


ATR Beth in gerers 


HE Sun Beams are refracted by any Body 
that they fall upon , if the ſame be more Denſe or more 
Thin and Rare, thanthe Medium thorow which they firſt 


ſhine, Such Bodies are either Solid or Liquid, In both 


ies are Clals or Chri- 

, and Water. 
Refrattion ( as we are here to uſe them) may be divers ways con- 
ſidered, Firſt in Solid Bodies, the Su perficies refracting may be either 
Plain or Curved, and this cith egular, ſuch as is Spherical or 


ſab S'& I & elſe various , ey us gular, Regular Form. And 


likewiſe the Plain eſpecially ( but the other alſo in ſome ſort ) may be 
either Horizontal or otherwiſe placed, upright or leaning. | 


Again, 


I TR 
REFRAOTT PBUDINAING gu 
| wits, abr nn ou s of 'thE Sho Frorm & point” of 
I, Tree pl andir, 
EEE: 
, cloſe to the' 
» Mm oo bs rermim and dJo'ſuffer 
ettrance itito rhe rc. or effs the 
cen v9 tie Shadow the lndex ſtayeth andpierceth 
ur "is made viſible Y thay fdht'at ſoine Ae NON the 
RT "and {6 the Sttns _- yer our of 'the pellncid into” the Air 
ggain, before they come to the opacum; by which means they ſuffer 
A boil Reftaction', ons at if encrance in the other #t their going 
Gs a ldcitl Body. PPE" 


&, The point of KS dds nia he within the pellucid, and -.. 
Ge © Suts Heams muſt firſt onter into the pellucid, . arid ſafer one Att A che 
refraction ey It cones to the point of the kndex , "and afterwards Caſts ewes 
either meet with an op acous budy, clofe yned fo the outward Super- ” jp Tx 
ficies of the Pell 3-6 I Ya ſo ſuffer nþ more Refrgdibn, but be there ter- "7,9 0pacew - 
nated ; or elſe pacutti ſtand'xt a diftgnes from the pellycid;, the «nd Pelheid 
Sart Bears muſt again Ns Habla the Air?" aid falfer-a« ſecond re- + oh 
fraction ( at their going out of the -pellucid ) before they meet with 


Or again, The point of the Index may ſtand Age the pellucid, 


and the NE TOE ans Re 
rhey come fb 
_ the. Re a'%, the COTE BO _ of Index 
ſtanding eg k 


Secondly for Water , or _ To: liquid, the varieties are Many Va 


me fo many , becauſ, 'the Su rhcies A RV It og TD eqnrgr Ho- riene befides 

A nk ewe ho arolly othe r Ire 

of ts Body 5s Velſeſttiat Gntai i th TAI, the ry = 

jeeguriy e Veſſel that COnLa1NS the W ns "Now thee are to re- 

: nRgtoas mer Ain bur SEE <h'is rc gee meens on ue oh 
reed nee {hes are t Us the Lifes df 'the Jiicb nd 

Oil bei he "gbrordin I DWGe. F my Giphict withs Joes oven 


ih of withont'(" xt Ne Wits al fa % WE od 6 | Gai, 
What i reg Lei alle Ss 


wa 


«fs Ty, T f ne Fa x bs. 1 And thus 
a ab D ha es Lit SE ws be Gi | 
ab 
RT, "ts = den 
does rlioſe Superſreits fo none 


Caat atonce. 
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note, 


Line or Ax1s. 


REFRACTIVE DIALING; 


that are to receive the Lineaments, If all the Caſes mentioned were 
intermingled , there would be no end of Varieties. © ga 

And becauſe the quantities of the ſeyeral RefraQions , at 'their ſeve: 
ral Incidences, are unknown , and although they were known, yet by 
reaſon of the irregularity . of moſt Pellucid Solids , the Angles and 
Coaſts of Incidence would be altogether unknown , and in that tegard 
the RefraQtions, both in quantity and coaſt unknown alſo.. - In all theſe 
regards it is altogether im le to give any Rule, either oC Aoar 
lation MM or Geometrically, by drawing lines how the hours ſhould be de- 
Lneat * | | 

In Water (indeed) where the Superficies is both a true Plain', and 
alſo lying truly horizontal , the Varieties will be fewer ., and ſo the 


Jy the = Work more caſte. But of this I will ſpeak afterward peculiarly , be- 
more, np cauſe things neceſſary in. this kind may be more vulgarly had (being 
neceſſity be 4 more obvious ) and the way much more eaſje in it ſelf, though com- 
Poine , m9 4 monly alſo thought to be exceeding difficult , being eſteemed as a rari- 


ty above the common apprehenſion and performance. Agd if this that 
is eaſieſt be ſo eſteemed of , what ſhall the former ( ſo difficult ) be ac- 
counted of, being involved in ſuch an innumerable number of various 
Varieties. 


Of Refracted Sun-Dials in Water, 


How to Draw them by the Semicircle and Paniſphere 
zoyntly together. 


I. He RefraQions to all Inclinations or Altitudes in Water muſt 
| be had, as I have framed a Table for that purpoſe , which 

2. The Veſſel that bolds the Water may be of any faſhion, regular 
or irrregular , it matters not, but, 1t muſt be furniſhed with every 
tenth or fifth Azimuth , as need ſhall be ;_ the manner whereof in brief 
may be this , Set the Vellel. ſo upright-as it muſt ſtand, whea the 
Water is init: and aſſumes Point for the. South, and over againſt it 
(in the ſame Horizontal Leyel ) an other for the North , both oppo- 


ſite to each other in reſpe& of the Point of the Gnomon , which my 
firſt of all be fixed, chats having taken one Point for the South , 
in the ſame level with the Point of the Gnomon (for toir an Horizontal 


Line is firſttobe drawn in the Veſlel, or elſe extended by a Then 1 oem 
that South Point extend a Thired out-right over the Point of the Gn 


mon ,. which will 


4 


G £ Fg" 


ontal Line for cach of them. This be. 
c 00-0 the Zenith Point in the 


ing done, by the Seinicrcle. _ find out 
Veſſel, that ts, 2pply the Ruler to the Gaomons Point , and holding ir 
up- 
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[A TABLE ofRefrafted ALTITUDES 
\ to every Degree of the Quadrant. 
el FR 123 rc ce 
. Trae | RefſraF:d True | Reſratted Trae | Refratted 
Altat.) Alietudes Aliit.)| Altitudes Aliit. | Altitudes 
D-e. | D. m. ſec. Deg. | D. m. ſec. Deg. | D. m. ſec. 
o [41 23 © 30 [49 32 9] | 60 68 o o| 
1 |4r 3o 48 z1 |50 0; © 61 [68 42 24| 
2 141 33 36 32 [50 ; O 62 169 24 43 | 
3 [4 36 24 33 [51 03 © 63 [70 07 12 
4 74*- 39 2 "38-134 40 o| | 64 170 49 36 
5 [41 43+ ©| 35 |52 o8 4 65'|7t 32. of 
6 [4x 50 48} | 36 [52 42 © | 66 [72 15 2 
7 14it 59 36 37 [53 16' © 2,115.99 49 
8 4» 8 24 38"|[53 50iio] . i} '6 173 4 12 
9 [42.17 12] | 391542481 | 69'174-25 4of 
49 [54:58 of | 70"|75 09 ©; 
41 155 34 241 "| 77 [75 $3 ©} 
42 |56 10 48 6 © 
l 43 |56 47 12} 0 
Þ | 44 157 23.40 © 
45 [58 coo 
| 46 58 38 24 
| 47 159 16 48 
45 [F9 SF 12 
. 491192.33 36 
Fo [61 12 0) 
5i'j6r 52 ©] 
F2 162 32 o©| 
| 53 [63 12 © 
54 63 thts þ 
55 164 32. © 
56/165 13 36} 
57 165 55 042Þ | 
5 $66 36 43 
F 59-11/'67 18 24 
Soon WITTY | 
[5 zo 149.32 Y þ bo 168 O..O | | 
| Er) f 


b g 
. 
6 13 
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that are to receive the Lineaments, If all the Caſes mentioned were 


intermingled , there would be no end of Varieties. Zo 

And becauſe the quantities of the fſeyeral RefraQtions , at 'their eye: 
ral Incidences, are unknown, and although they were known, yet by 
reaſon of the irregularity . of moſt Pellucid Solids , the' Angles and 
Coaſts of Incidence would be altogether unknown , and in that Te 
the RefraQtions, both in quantity and coaſt unknown allſo.. * In all theſe - 
cegards it is altogether im le to give any Rule, either by Calcu- 
ours, a Geometrically, by drawing lines how the hours ſhould be de. 
lineat ” 981 | TR 

In Water (indeed) where the Superficies is both « true Plain', and 
alſo lying truly horizontal , the Varieties will be fewer ,, and fo the 


y the 9Y Work more eaſie. | But of this I will ſpeak afterward peculiarly , be. 
Tale muſt of cauſe things neceſſary in, this kind may be more yulgarly had (being 


neceſſcy be « more obvious ) and the way much more eafje in it ſelf , though com- 
Poine , wt 4 monly alſo thought to be exceeding difficult , being eſteemed as a rari- 


Line or Ax1:7. 


ty above the common apprehenſion and performance. Agd if this that 
is eaſieſt be ſo eſteemed of , what ſhall the former ( ſo difcule ) be ac- 
counted of, being inyolved-in ſuch an innumerable number of various 
Varieties. 


Of Refracted S un-Dials in Water. 


How to Draw them by the Semnicirde and Planiſphere | 
zoyntly together. 


I. He RefraQtions,to all icing or Altitudes in Water muſt 
be had, as I have framed a Table for that purpoſe , which 

 1$shere inſerted. PS ee De Me . 

2. The Veſſel that bolds the Water may be of any faſhion, regular 
or irrregular , it matters not, but it muſt be furniſhed with every 
tenth or fifth Azimuth , as necd-ſhall be ; the manner whereof in brief 
may be this , Set the Vellel. ſo upright-as it muſt ſtand, when the 
Water is init: and aſſumes Point for the. South, and over. againſt it 
tin the ſame Horizontal Leyel an other for the North , both oppo- 
ſite to each other in reſpe& of the Point of the Gnomon , which myſt 
firſt of all be fixed, t | 
in the ſame L 


ſpect of t | 

| be f -15; baving taken one Point for the South 

level Fr Le of 9 Hecaion (for to it an Horizontal 
Line is firſttobe drawa in the Veſſel, or elſe extended by a Thred) from 
that South Point extend a Thred out-right over the Point of the Gno- 
mon ,.. which will ng the North Point on the other ſide of the V 
ſel. Afceryarts in 16, ibaa Line (drawn m_ bows 
Veſſel, or otherwiſe repreſented with Threds conveniently ) by Ji 
Phat og opouneare ply App cory þ 
and South: Foipts ,, you May Project each Attn or tentn AZ » and 
make marks 1n the © Horizontal Line for each of them. This, 
ing done, by the iarcle_, Rod Ot the 'Zenith Point in the 
Veſſel, that ts, apply the Ruler to the Gaomons Point , and ho{ding ir 
up- 
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'A TABLE of Refrated ALTITUDES 
| to every Degree of the Quadrant. 
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upright there , the foot of it will ſhew the Point required; for the Veſ. 
ſel now ſtanding ( and av it muſt be juſtly afterwards placed ) in this 
poſture. Then laſtly, If you lay a Thred to each Azimuthal Point , 
and ro the Apac of the Goemon, und ſo to- the oppolite Poms of each 
Zenith (two being always oppoſite one to the other, and may well 
go togerher ) you raey repoſe this Thred upon the Zenith Point lately 
tound ; ſo ſhall the umbrage of the Thred ſhew all along the Veſſel, 
where the ſame Azimuth is to be drawn ; and the ſame is to be done 
ir @H others. Or withous: Drawing or ProjxQing either , Threds: 
may be fixed far Azimuths, from' the Point in the Horizontal Line to: 
rhe Zenith. 

2. Thefe things being thus prepared, it is left to choice whether 
che Point, of the. Gnomon, ſhall lie always hidden in Water , or elſe 
ſtand above the Water. Theſe two caſes are very different, and ſo muſt 
be treated of in ſeveral, as two diſtinct Caſes. 


T. When the Gnomon is hidden all under Water. 


IN this caſe you. are not tied at alt haw full to make your Vellel, only 
be ſure- to! coger the Gaomoas Point, it matters-not how much , 
whether more or leſs, fort bottkareas'one. Then for the Line &f 12, 
that is alreafty; drawn , being the-ſame with the North and South, 
Azimuth ; hut, the reſt mbgt ba inſcribed by Points: feverally fixe into 
each particular Azimuth ; \the-manner whereof may bethus: 

Upon oo mar ot lay the Raler ro-any Azimuth ( as the 66th) 
from the Sbuth, ard there ſee what degree; of the Ruter ( or what: 
Altitudes X. each Hogr Cincle-curtteth, andbwrite ther down in a Fable. 
| Thus dv. upan every 1dthi on 5th: Azimuth) ( as you ſhall think fir ): 
making a Table of all thoſe Altitudes or InterfeQions. © Then coming to! 
tire Tabte, of RefraQors, and to each particular Altitude of the Table, 
find amongſt the Refrations , how much belongs to eactr of them ,. 
arcfadd the fame to the Altitude' (before found by the Proje&ion). par- 
ticularly ,” . ſhall you have turned the dire! Altitudes into refracted 
After alÞ this, come again tothe Yellel, and with the Semicircle in- 
ſerrt each panticular Refradted Altitmle into his proper Azimuth where 
it hclongerhj, ſo ſhall yon have poiats in cach Azimuth, . far fo many 
Hoars as ,the ſame Azimuth is capable of. Having; then theſe helps, 
rhrough eaglhy Point belongiag (inevery! particular Azimuth) eo the ſame 
Hour,as ſuppoſe the Hour of, g, draw-.one continued curved Line, which 
muſt ſerve tor the Hqur off 9 a Clock, fothrough all the Points in-every 
Azimuth ,g; ſdrving for 8, draw+-oge comtinued Line, which muſt ia 
like manne# ſerve for the Hour of $ a Clock ; and fo do for allithereſt. 
The Horizontal Line will: be about | 37 deg. below the Point of the! 
Gaomon ,; fo mach, namely; as/the Horizontal Fratiow cometh utito; : 
and up tocthes Hbrizpntal 'Lme ( andinot any higher?) muſt rhe carved 
Howr-Emerbe drawn. The Coaſts pf North and South wilt be oppo- 
ſire (it h the Vefſel ) to thoſe of the Heavens, in the ſame ntanner here” 
as they are in other Dials. This work cannot be done by projeting 
the Hours, with help of an Axis, as, in other ProjeRions ; for _ 
e 
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the Rays from the Eye can pdlibly faltwpon the Water to projet i 
the Fee menner that the SurrBeams t& b Arongs in dire Adicns 
is not requiſite , but in Refracted it is 9:-nor the” projeRtion 'made ' by 
the Sun Beams themſelves ( of theſanie tour Cirele ) will be 
the ſame in faſhion, the! Sun ſtanding imſebetal poſitions to make this 
projection , as in one inſtance (in"a'right"Spherewill fuffici ap- 
pear ; for in aright Sphere the 'Axis (a&2ll know) (maſt lie/paralſel ro 
the Horizon, or Superficies of the Warer: 7 andthe Hour'of- 6 will be 
the ſame with the Horizontal Line/ If therefore we fuppoſe ſuch an 
Axis in a round Spherick 'Concave Veſſel, full vf Warer, 'to be laid 
from one ſide of the Veſſel ro rhe other; 'and' rhe Sarto riſe or ſet in 
the EquinoQial , which is'proper-1o'theiAnis; * then (Hall: the Hour of 
6, or the one half of rhe-i/Korizon' , -be'projetted ,” dipping dowr 
(from each point of the Atis,projefted bythe parallel Rays of the Sun) 
ſo much as the Horizontal RefraQioncomes to (about 47 deg.) whence 
it muſt follow, that this ProjeQion of the Horizon muſt dip moſt under 
the Axis inthe Projeted Equinottial Circle, andoothing at all.under the 
two ends of the Axis, which concur , with the fides of the Concave 
Velſel ; whence the Sun, beingia the EquinoQtial, ' as we now ſuppoll 
it to be, the Axis and Horjzon,”or 6 a Clptk Line, 'in a round Vellel , 
” would appemrthus; as iwthe Figure. 015112. Mob SLIDER mr 


1) =03 To ur: + 2113 $2bU epi: | 


- But again, If che Sun being out of the EquinoRial; as*in one of the 
Tropicks , /nad/there wenn, 1 to riſe and ſet, ' then ſhaltthe Hori- 
zZon, or of 6, be projected ſo by the Sun, as that a Ray from the 
Sun the middle Point of the Axis, ſhall - 297 pen in the 
loweſt Point; which loweſt Point will be'in-the projeRed T and 
not in the Equinostial, as the former Projefion was. 80 that now the 
Axis and the Line of 6, <itogpms res ſatne'Vellel, 'in the form of 
a e4, whereas before it was like ae 5 ; whitneefirſt iris evident,that an 
Axis cannot projet (in all Poſitions of the Sn;'xo'the Atis'and Water ) 
oae ſingle Line for each Hour, 'as they 'tobe; andthereforc that 
way by an Axis is in this work to be rejsQted #8 unſervicedble) 
Secondly , It follows alſo, that (though the Sun ſhould ( by reaſon 


of infinite remotneſs ) make requiſkte Lines, yet) the Eye Es 
this 


a " 
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this kind perform what the Sun doth 4 ' becauſe it being always near tg 
the Superficies of the Water z doth recelve diſtances from ſeveral parts 
of the ſame Superficies of different quantities , great and leſſer ; and fo 
the Rays paſling from theEye, do make feyeral Angles of laclination, 
and conſequently ſeveral-Refractions, which the Sun ty his immane 9: 
ſtance doth not, . but is thereby freed from it; fo that the Hour Lines 
cannot be projected (by help. of an Axis) | with the Eye in the ſame 
faſhion that the Sun requires ; nor yet if they could , would they be of 
any uſe, as is before ſaid, Thirdly, Again it follows, that a point only 
(and not a Line y or 'part,of the Axis) is to be uſed for a Gnomon. 
Fourthly , That the inſcription of the: Hours muſt needs be done by 
finding certain Points,  through-which they are to be drawn. One way 
of which Protraction is now. delivered 3 this former way ſuppoſerh the 
Refractions to be ſingle upon a Meridian, lying in a Horizontal level, 
and to be known alſo according to all inclinations. 


How to make the Howrs cloſe right with the H orizontal Circle. 


for it is of-nouſe , nt, of rhe 
Likewiſe it will be moſt gonvenient 
ro the brim in-this caſe here —_ idec 
"den under water; and fo 
but fewer deg. is beſt) above the Por 


fill the Veſſel with Water up 
Where the'Onomon lies hid- 

& the brim FE al deg. Cat moſt , 
of the Gnomon ; which your 


ſo to m 


Semicircle will do : for by theſe means*the Sun ſhall have free acceſs 
to the Dial ſo lo7g as it is above the Horizon , which otherwiſe will 
not poſſibly be. 


And here: Nota,, that if the RefraQted Altitudes be inſerted into 
"my Semicirc).out of my Table of RefraQtions in Water, and 
fo made into a Scaie dt Limb z if this (1 fay) be done, then may 
you immediately (without turning: your dire” Altitude into 
refrafted, according as is preſcribed in the' precedent page ) 
put in the ſame.things in_ the ſame manner and quantiry , if 
you count theſe Altitudes in your Refratted Scale (and not in 
the common limb Y'and accordingly do inſert thety all , yout 
Thred and Plummer g upon the , Altitude | raken in the 


fame. Scale ; ſo will the former labour of turning -one&into the 
c>qhar- bo. taken quite away. And fo much'witt ſerve: for this 
Hrſt, Caſe , when:ithe Gaomon: i5 quite covered 'wnder Water, 
Thei$eeond follows, 'which is, - 


FF 


WH. When 
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Gt SH DN oo woes! to amv TD fir 2d {iff 230d 
: IL When the Point of the Gnomon Rlands above thei Vater). 
ny bf WII te aft 4,91 67 iftuns hs ton 31 nomon?) ffs 
: 2.THE Gnomon being.ſet ,..and; the: Veſſel fred (xs isbbfore-pro- 
+1 © ſcribed). with Azimprhs conveniem, you!:ojuſt.ſerthe Velde! 
right, according: to the ſelf| ſame pbſture that you/intenddd-ir 
Have when it is fitted with Water, [and inthatfituation let it be-fixed/, 
till your Work be done at the leaſt; 2+: :111 vim 09, ,hLow2rl wet: 
!/::2+ Next you are: to conſider- how high yow will ill, it with Water, 
for ro that Altitude you muſt draw an exa& true:Hotizontal line upon 
the ſides of the Veſſel , the very fame that the edge, or ſuperficies of 
the Water will make wheg-it is filted, up tit : This is neceſſary to be 
done, firſt , as alſo you muſt draw adother Horizontal line about the 
fades of the Veſſet,. which muſt be in £qa5/ibr40-with the Point of 
Gnomon, and this will be, (moſt conveniently). the very,edge of. the 
Veſſel, that fo the, Sun, ( all ;the, time that; is-is above the, florizon) 
may have acceſs to the Gnomons, Point.,; and ſhew rhe Hour. too ; 
beth which cannot be, unleſs rhe.Vellels ,bxim/þe juſt in Equilibration 
with rhe Gnomons Point. =, ; 'o.{1 Si17% T16Q 1D T*10 (fy nit 
..' 3-'Berween this brim of the Veſſel; and.che;Water Horizontal Line 
is part ob the Dial to be drawn by direct ProjeQtion ; and;þelow this, 
namely where the Water filleth up, is to be drawn the reſt; ;of: the 
Dial by Refracted PerjeRion ; and accordingly we are to give diſtin 
Rules or both. ; R ("x AQ \\ vil ; oof 
4- For the upper part, it thay be Neliciared either by the Horizon- 
ol Thoibes a and the Semicucle;,, or.elſe by proxRiog, it with ag 


try 


Af a I. By the Planiſpere: + 


: 


+ 


4 


very 


IO. ichahep tte to) xun upon the Water 
”- Way ag \þs either ny arbering: 
as tha Vellel , ſtanding ofcheGoomen; eartbegularoric ar. 
For if the Vellal be 5ound ; and the Point of the Gnomon, dorſtend juſt 
in. the Center of its ig > omy gue 767 ag ae mt 
tex Horjizonral Ling is p.true Almigater } and by: your Scmucircle you 
know; what. Almicanteriit ig, HH ratiogy therefore grou con- 
Gao | your/Planzphere how. many: degrevs okithas Almicanicrlare- 
jaded DEEWEED 12 5: a iſt, the Ge ſpares! 

& degrees ante the ſame Almioanger-or-Water, Horizatual Liney ctboſe: 


311488 Mmmm Points 
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Points ſhall be the Terms of the Houry into which they muſt com. 
But if the'Veſſct be aot Regylar , or though it be, if the Situation of 
the Gnomon be not R to it, thenit will be difficult ; and in- 
deed ſo difficult, that it w not opereproetimme to uſe it , 1 will? 'refer 
ix to this next Projedtive way of putting in this Superior part of the 
Hours, which will in this ebay on . But by the way , 'after ' 
you have inſerted the one part of the Hour Line , by yay = + it av] 
now ſhewed, you may continue it whither you will by P 

2s [ have heretofore ſhewed z and ſo you may continue tt downward 
unto the Water Horizontal Line. 


IL By Projefiton. 


y has isdone in the " manner that I have often heretofore ſhewed, 
either by an Aris. .and/ Horizontal Poigts , or elfe by the Zqui- 
notial Points, and for theſe you need draw no Azimuths ; or elfe 
by Azimuthal Points , put iato two Azimuths , which only are necef: 
fary to be done: I need not make Repetition of it —_— So - 
then the upper part of the Dial above the Water is deſcri 
The lower RefraQted part which lies within the Water may alfo be 
done two 4 z either by the er co and Semicirele : Or elſe by 


ProjeRion alon 


I. By the Pleniſphere. 


Eek how much each Hour is elevared npon every fuch Azimuth as 

is deſcribed in the Veſſel , and by your Cebby of RefraQions turn 

it into Refracted Altitude , as Or - ſo theſe two Alti- 
tudes may be called, The Firſt ; —_ the latter, The Re- 
frated Altitude. Or when you come to inſert theſe by your Semicir- 
cle, for the Dire@ Altitudes\ you my: tount- them-upon that Limb 
which is divided into equal degrees, 'and' the Refrafted Alritudes- you 
may inſert by that Limb which is made for Rofrated Altitudes by Wa- 
ter, And ſo you muſt underſland an6iwher 1 bid you to pur inthe Di- 
reQ Altitude and the Refracred Alrkiide j\thar oy ro count the fme 


Altitude in, the Direct; or equally ues 4. wo Limb", and ity the Li 
Table of Refractions, 


of Refractions ,: and ſo hall 
this now inſerted Limb: the ufe'of the bee th 
 inta'wnother, / cg 


ately , without any 
the Veſſel 'Teras'it muff 


of 086) 
j We" 


rudes we arehere ro'uſe 
Qand when it is filled with Water / ad this ſittation look what'A- 
ztmath you mean to deal with y or into whigh you intend to infert the 
Hour points, ay Cem Cha Rove 2A OY f 
. and in thetrue Horizoatut2v6|, ad juſt alſo under the Point 
ww duo which is to ſay juſt in'the Zenith Line lect cone 
Azimuhal Point in the Water H ontal Line to or directly 
the Interſection of 'the road ry Plain with RD 
upon it a Bead th 


ſtretch a Threed, x 86 Gee 
and down, or ciſe a $ Ping Kot meyer ng9 bo par afterwards ) ah 


faſten 


REFRACTIVE "DIALING. 
faſten it. After this is done, by help of the Semicircle applied to the 
Point of the Gnomon., 'put Lb Threed labors. Azimuth) 
the Direct Altitude which you mean to inſert, and thereto ſlip the 
Knot.or Bead ; then again from this Bead down unto the ſame Azimyrh 
drawn upon the Veſſel fides; project ( with your Semicircle or Rulers 
edge applicd thereto) the Refracted Altitude , and there make « Mark; 
for in that Mark muſt the Hour { whoſe Attitude you now infert ) run, 
the fame Work you are todo 'for aj] the hors and their Altitudes that 


.paſs thorow this Azimuth ; andthe likemnſt bedonein Azimuths 

alſo for the ſame Hour Points. 'Then laſtly , g Poinrs for 
evcry Hour, you may thorow thoſe Points draw the Lines, and ſo 
Aniſh upthe Dial in every particuhar. FEE 


IT. By Projeflion. 


BY T now the Veſſel muſt be filled up to the Water Horizontal Line, 
 andbe in all Points fitred as when itisreally to ſhew the Hour of the 
" day ; which being ſo prepared, you ſhall need roinſcribe no Azimuths 
at all into the Veltjel ; but as in other Projecting of Hours, ſo here do 
thus : Make two Points for North gnd Sourh, 'and ſerthe Hqur Points 
upon the Brim of the Veſſel which you rake to be 77 #9n:hbr:10 with 
che Gaomons Point (however put thoſe points intorhe Horizontal Line, 
"which is is equriibrio with the mer od, or if there be none 
drawn in the Velfels, ſet Threeds there round abour it, as the manner of 
other Dials hath been, and into them inſert Knots or Hour points) and &- 
red an Axis as in other Dials : Then project (as you ufe to do) the Axis 
upon thoſe points, and with ſome File or Dent makes Mak where the 
Point of the Gnomon is repofed thorow theWater upon theſide of the Veſ- 
fel; which-Mark ſhall ſerve for one point thorow which to draw that ſame 
Hour. Then removing your Eye a little higheror lower, ftil! repoſe the 
Aris vpon the ſame Hour point , and the place upon which 
the point of rhe Gnoman ſeems to lie; for this aMfo wiſl be another point 
thorow which the ſame Hour is to be drawn, Thus remove the pc 
of your Eye ſo often, and do the fame Work oyer, until you have 
found points ſufficient to finiſh rhe draught of the whole Line. In the 
ſame manner you muſt find points , and thorow them draw each of the 
other Hours. This kind of Work is neceſſary for that pattof any Hour 
which lies under the Water ; but for t not, aboye the Water, that is 
projected ar one view, as hath been 


ſhewed ; for that not goin 

down ints6 the Water at gll, is freed from RefraQion. | Remember alſo 
that the Axis'muft always go above the Gnomons point , and keep in 
the Air, but at noh 2otown —_ Water. Tothe Waterit may 
go , and be faſtened below too in the Water ; but my meaning is, you 
muſt not then projet by thatpart of it whichjs within the Water, be- 
cauſe the Refraction wil dee you. Ajid be careful thatche project- 
ing part of the Axis ( natiiely all that which lies above the Water) do 
he at the true Elevation of your Pole , apd bp: project only by that 
fame part. Arid thus have we theſe rwo Caſes , SAAD Gare to 
ſhew , How 'to'draw Hours inz Veſſel of Water, where the Gnomon 
lies within the Water , or where it ſtands aboye it. Now if befides the 
Hours, any {hall in theſe two Caſes, defire To 


- 31s 
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To put in the other Furniture. Axad 


| T Hey may in brief do it thus : It muſt be remembred that all Furni- 
_ © . ture is to be put 1a by the Planiſphere and Semicircle, as I have al. 
ready ſhewed. And that all things that way are put in by Altitudes, 
ſach as in.cach,kind the Planiſphere will. help unto. - The very ſame 
' manner, of 'Work, is here again to be uſed , only in the firſt caſe you 
.muſt altogether. uſe Refracted Altitudes , and in the latter caſe » you 
.muſt uſe.both Direct ang Refracted Altitudes, one after the other. © | 
_ - For the firſt Caſe then it will be as:eafie as if you were to work in 
the way heretofpre taught by the Planiſphere , applying the Ruler of 
the Semicircle tothe point of the Gnomon and to the Hours , only you 
muſt remember to count all-your Altitudes in the'Refracted Limb of the 
Semicircke 5 and not in the common Limb of Fqu. degrees , becauſe 
all, boch Gnomons. point and Hours are under Water. And this will 
be enough ro admoniſh concerning the firſt Caſe, where all things are 
ratally refrated: Or you may put all in by the Semicircle, projeing 
upon the Azimuths, not Hours , as follows' in the other way. Then 
apain , in;the ſecond Caſe, where the. Work is partly dire and part- 
ly refraRed, ſo much of your Workas is aboye Water , may be turniſh- 
ed with direct Projection ,. as. hath been ſhewed heretofore in the uſe of 
the Planiſphere and Semicircle.. But for the other part which is below 
in the Water, there are ſeveral ways to be uſed , but the beſt will be 
to project all upon. the Azimuths, that were at firſt preſcribed tobe 
drawn upon the Vellel ſides.z and fo all will be cafie , whereas other- 
wiſe they will be very. hard, ., Having then. by the Planiſphere found 
ſuch Alczzudes upon the Azimpths as are requiſite, you are then pre- 
pared to.put the. ſame in; but at muſt be by uſing the ſame way that 
was before: put in practice for the Tue of the Hours ; namely 
this : Ler your Vellel have no water at all in it , but. yet ſet true, -as 
hath been before preſcribed. Then from any Azimuthal point in the 
Water Horizontal Line, to the Interſection of: the Water Horizontal So- 
erficies with the Zenith Line falling from; the point of the Gnomon, 
Wark our, a Thred and faſten it there, and upon it Jer, be put a {lip- 
ping Knot or Bead. Thea look what Altitudes you have to put in(for 
Parallels of the EquinoQial or Almicanters, or Seftions of the Ecliptick 


with the Azimuths , or Tn like) the ſame muſt be put into the 


Threed firlt,: by applying Ruler of the Semicircle to the Gnomons 
poiat', and fitting tt up,, till, { the fide: of it alſo touching the Threed) 
the. Plummet hang at the direct: Alticude of rhe equal Limb , then to 
that, point of the Threed, where the, edge. of . the Ruler croſſeth ic , flip 
your Knot.and Bead ;, afterwards again, apply the Edge of your Serai- 
cirele.to this, Koor , and Keepiog. it {till there, cloſe to. it, lift it up cill 
the Plummet and the endor paint of it keep alſo inthe Azimuth where- 
to the Threed is. annexed ;:. that part of it 1 mean which goes upto the 
(ide of the Yellel.jnto the, Water: ſo ſhall the end or point of the Ru- 
ler , give ypu.the porgt by, the :Refracted Altitude required. Thus do 
11. you aye found all the points of; ſuch ,things as you;,mean' to put 

to: or OGE 2531 rig *t | 1 upon 
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upon that Azimuth, and then goto another Azimuth, and doo there 
too , until you have done as much as:you defire,* Then laſtly; rhorow 
every correſpondent point:draw: fuch Lines as you require. '''This-is 
the ſum of what is to be done/in this Caſe. K+ 


And Note here , That if it be: fo , . that theh Altirudes of ome 
things cannet be had uponthe Azimuths: by the Planiſphere (ſuch 
as are thoſe things thar concern the mocions of the Ecliptick ) in 
ſuch a Caſe you may { by the Planiſphere ) find in” what part 
the Ecliptick cuts any Hour Circle ;. as is ſhewed before in the uſe 
of the Planiſphere ;-.and cherero apply rhe Ruler of 'the Plani- 

ſphere, which will ſhew'you'in what Azimuth this ſhall happen : 
this ſefion (1-ſfay ) of the Ecliptick with; the ſame Hour. ''1f now 
you put in the ſame Azimuth into the Horizontal Line , and pro- 
ze ir into the Veſſel, you ſhall find the ſame point of Interſe- 
Aion with the Hour, and thorow that point muſt the Ecliptick 
Circle paſs. Thelike may bedone for all the other points of In- 
terſetion. And this ou may do , without finding what Alti- 
tudes the Ecliptick hath upon any Azimuth ; which | believe the 
Planiſphere will not do very well. Theretore in ſuch Caſes this 
DireQion may be ready, or elſc rake that way which is adjoyn- 
edto this , if you think not much of your labour , whereto that 
way will put you. | 


This way | have given as-the beſt, but [ fear the Planiſphere will 
not do ( as [ ſaid ) his part. I have now added the Water, to help tor- 
ward the buſineſs ; and rhat all may be the better known or under- 
ſtood at leaſt , I will add another Direction here, which every one 
may refuſe or uſe at his pleaſure, as he ſhall like: And this is proje- 
ctively without the Planiſphere. Therefore now again fill your Veſ- 
ſel with Water as _ it muſt be, and having the Axis and the Hour 
intsfound-and plated as even now-they wete, you may on, thFpro- 
Trig ſide (that is on that fide oh which "you do ſtand when you 54 
ject any point from the Gnomon to the Veſſel , or on that ſide which 
the Sun is on when it caſteth his ſhadow ) from ſome ſuperiour point 
of the Axis (or from the ſupreme point of the whole Axis ) ſtreatch 
out a Threed , and with your Eye repoſeit and the Axis and the point 
of any one Hour, all three in one; and in that ſame poſition taſten 
your Threed ; this done , find upon this Hour (by your Planiſphere ) 
ſuch Altitudes as you require , aftid from the Gnomons point inſert 
them into the new faſtened Threed by help of your Semicircle , and 
there tic Knots upon, the ſame Threed. for Marks :. Then come to = 
zect the ſame Knots , which is done by repoſing with your Eye thoſe 
ſame Knots upon the point of the Gnomon , and in that poſition both 
theſe points will be repoſed alſo upon the fides of the Veile] within the 
Water. Obſerve therefore where theſe points are repoſed by the Eye, 
and upon the Veſſel ſides ( with ſome Bodkin or Dent ) make a Mark ; 
for that muſt be the projected point, anſwering to that upon the Threed 
from whence it was projected, In the ſame manner are the other points 
to be projected and marked, and fo you are to deal with other Hours 


Nann to0; 
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REFRACTIVE DIALING. 
too, only for cach of them you ouſt place a new Thretd ,” and fur. 
niſh it with-Knots, as before was done. - "Thus ſerve for Dirceti- 


on in this way. Other ways 4 man may'find out of. hiofelf as neeegi.. 
ty ſhall put him toit , and therefore wall mention no more here, 


As concerning Azimuths , it ay be obſerved that they only of all * 
other Circles ,. ſuffer no Refraction-by Water , berauſe they all 
CO SIERny to the Superficies of it ; and theretore they 
are y put in as is preſetibed in preparing the Veſſel for the 
reſt of the Work, both for Hours and other Furniture : 'for in 
both theſe their help j4 requiſite, | But when all lnicriptions are 
made, if they prove cumberſome-'ts the reſt of-the Work , by 
filling it over-full ; they may then in ſuch/Caſes be wiped our. 
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A BRIUSE; 


EXPLICGATION 


OF THE 


Pyramidical DIA K; 


Which was ſet up ia the. 


K.1N 6's cob Cdn Privy TY 
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% 
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A General De(criptus of the TrveratP, TY wy. obic 
tbe Pyramid { or Body); wat compoſed. a 


HIS Dial ſtanding oa « Pillar or Pedeſtal of Stone , con- 
Gſts chiefly of Six Perts or Pieces , one lefsr another, 
and plac one above another. ig Form of a 'Pxams , as 
in the Figure. . 


of the Firſt Piece. | i\ 
Tn firſt and largeſt of theſe Six Pincas , is FF 48 Table of 


about. 40 Ioches in "ww 7 3 and fome $ or ;9-laches in 

Thickneſs; The Edge whereof is cut into 20 OO, which 
being made hollow like ſo many. Boxes, of an 1 | 
cach of them with a clcar Poliſhed Glaſs; . | 
Glaſs is deſcribed « Dial ; whereof ſome : 6 them Foul, the, Hour ac- 
cording to the Ancient of; Jews manner; of counting the Hours : -O- 
thers according to the counting uſed by the Babylonszavs,; 'Others ac- 
verding to the, Lakiany : Others according vo the way, of | xcord: 

s - And aſtly few who Hour-it Js 
o_ our uſual and ordinary way of counting the Hovr,,; uſed mn: moſt 
s of Europe. Theſe 20 Dials thus deſcribed on the Edge of this 

Table or Firl Piece, are all Vertical Declining Dials ; whoſe Stile 
Gnomon is either a Lions Paw , or Unicorns Horn, or ſuch like , re? 


hting to his Majeſtics Arms, and painted on the bottom of the Boy. 
Moreover, 


"B24 


The DIAL Deſcribed. 


Moreover upon the upper Part of this Table, are +05 Eight Re. 

clining Dials, all made ollow, and covered with Poliſhed Glaſs like 

the former, } but differ chiefly in this ; that they ſhew /6nly the uſual 

Hour in different ways : One of them ſhewing the Hour by the Shade 

of the Stile —_— upon the 'Hour-Lines2 Another by the Shade of 
FI 


the Hour-Lines falling upon Þ* Stile : 'A Third without any Shade 
either of Hoar-Linezor Srl EPEM « A | "IOvL 
_ Upon this Piece,ſtand alſo 4 Globes } & its ſeyera]-Panes: Upon 
ane of which Globes are deſcribed ſeveral Diaſs belonging to Geogra- 
phy: On another, Dials belonging to Aſtronomy : the Third Dials 
ſhewing ſeveral rhiogs appettaining 'ro Aſtrology , as what Planet 
Raigns IVEY ;Hour : The Horoſcope , Aſpe of the Sun with the 
Stars, a6 4a 7 + LL.-.4%4 L- z 

There are alſo belonging to this Piece, arid iſſuing out of the Sides 
thereof towards the Eatt, Weſt, North, and South, Four Iron Branch- 
es ſupportingeach of rhems Glaſs Boul which ſhew the Hour in Four 
different Ways, ; == . 


© F - _ 
Of the Second Piees. - 
'Þ HE Second Piece of the Pyramis is alſoa Round Table, almoſt 


like the Former.., .but ſomewhat. leſs, . having only 30 Inches in 

Diameter. Ir ſtands upon the Firſt, held up by Four Iron 
Supporters. The Edge or Circumference of this Table. is cut into 16 
Equal 'Plains, all made hollow, and covered with Glaſs, dike thoſe of 
the Firſt Table.. . But. they differ. fromi them.in this; that here the Dials 
are not deſcribed on the Glafs Covers, but on rhe bottom vf.the Boxes : 
Neither do they ſhew the Hour but the different Riſings of the moſt re. 
markable Stars , according to the three manner of Riſings obſerved by 
Aftronomers, Viz. Coſmmcal, the Acronycat, and the Heliacal Riſing. 
The Style to theſe' Dials is'a little Star painted upon the Inſide of the 
3laſs Cover, the better to keep it from the weather.  - 

Out of the Sides of rhis Piece iſſue out Four Branches towards the 
f1ſt, Weſt, North, and Sourh; and carry on eachof them a Glaſs Boul 
to ſhew th. Hour, like thoſe of the Firſt Piece, but in a different way. 
For one of theta ſhews the Hour by a Style without a Shadow, ano 
cher ſhewst by a Shadow without a Style, Gc. whereas thoſe of the 
Firſt Table ſhew it by the! Four Elements, Fite, Air, Water, Earth, 

On the dpper part of this Table are placed _ Reclining Planes, 
Four whefeof are covered, cach of them with a Plate of Looking Glaſs, 


on which the' Hour Lines, 'or Style of the Dial; being painted, are Re- 
fleed upon the bottom Inclining Plains,” of the Third Piece, and there 
ſhew the Hour. 4 | | | 
. Other Fourhave alſo Dials upon them, 'which are to be ſeeh each of 
then in a'Looking Glaſs placed 'upon thefaid bottom Incliniog Plains ; 
of the Third Piece. | "WT | 


Of, 


The D'1'A4 L Diſcribed.-: 
Of the Third Piece. Ys 

He Third Piece of this Pyramidica! Dial, iaa great hollow Gi 
| | arrange Iegd; onge rel pin wk per 


oe out any £ A nfoapanngere=d re: The. ol 

this Globe is cut into 2 wheredf being Oifaganes, ſerve 
for topand bottom ; the reſt ave divided inad $ Rec pens 
3 equal laclining Plains, and $ opal Via or Upright Pine Th 
Plains are all of them made hollow , like thoſe of the firſt and fecond 
Piece. The lncliners are not aovered with Glaſs, but left open, that 


po. > a a3: and ſhew the Dial 'from the ſe- 
cond Piece. | | | 

Two of the 8 Upright Plains looking towards the North , have no 
bottoms, but are covered only with Glaſs, as ſerving only for 
Windows to look into the Globe, and behold there the Dials deſcribed 
on the Globe, which are ſceri;as well without the ſame, as within. 
The other 6 have not only each of them a- cover of' clear poliſhed 
Glaſs, with a Dial deſcribed thereon, like thoſe of the firſt Piece, but 
have alſo a Glaſs for their bottom, whichGlaſs is thinly painted over 
with White Colour, to the end the ſhade of the Hour Lines \, drawn 
upon the Cover, may be ſeen as well within the Globeas without. Mn 
theſe bottom Glaſſes are drawn ſeveral Pitures, holding either a Scep- 
ter or a Truncheon , or the like, the end whereof points the Hour 
you look for. nei BT TIT IIA 

Two alſo of the Recliners looking towards the North , have only s 
Glaſs Cover, ſerving for a Window to look into the Globe: The __ 
6 have double Glaſs, like the former. Their -Dials ate (ome deawn 
upon the Cover, others upon the bottom, bat all fochmrived, that 
the Hour cannot be known by them ; © but only by looking within the 
Globe, 1 OILS | CL oIS 
' Moreover, From the top of . this Globe iffte 4 tro Branches to- 
wards the four parts of the World, | each of them carrying) Glaſs 
Bowl , proportionably leſs than thoſe of the firſt and' ferond Piece ; 
on which Bowl are alſo Dials defcribed, bur different from the former , 
ſhewing the Hour according to to the ſeveral ways of counting the 
Hours, . Theſe Bowls are painted rm rt inks wi ick Colour, to 
keep out the Light, except a little place *which is feb elear., like a 
Star, for the Suns Beams, to paſs thorow and ſhew the Hour, and the 


lace 8lſa where the Lines are drawn , only painted og the out- 
Ele thinly with White aleur, ther che Jight of the Sun paſſing tharow 


He Fourth Piece ſtanding on the aforeſaidGlabe, and held up by } 
\\ &: the four Iron Supporters , like to thoſe which hold up the ſe- ®s 
= condpiece, but proportionably leſs , is alſo a Round Table 
of about 20 inches Diameter , and 6 in thickneſs. The edge of this 
Table is cut into 12 equal Superficies , not plain as heretofore , but 
| ; Oooo concave 


* þ 
_, -* - 


ae eINT YT7 T: 
The DIA L *Dbſiribed.\ 
concave like ſo many concave Semi-Cylinders ; on each of which is 
deſcribed a Dial, whick ſhews the uſual Hour by the ſhade of a Flower 
de Luce, fixed at the top of each Semi-Cylinder. 

* From'the'topof this Table iſſue forth four Iron Brariches, cf 
each' a Glaſs Bowl, juſt like: thoſe of the Firſt, Second, and Third Plece, 
rhough proportionable leſs, The Dial deſcribed on theſe Glaſs Bowls, 
differ fromYhoſe of the Third Piece, not only becauſe they ſthew) only 
the uſual Hour, but'alfo becauſe here the' Hour Lines are all left clear 
for the" Suns Beams fo-'paſs through; that by ſo paſſing they may ex- 
hibirs the Iike Dial on the oppoſite fide of the Bowl ; which fidews for 
that purpoſe thinly. painted oyer-with- White Colour ,' that the faid 
-Hours may be ſeen; and -ſhew their Hour by their paſſing over a little 
Star , painted in the middle thereof. br 


«2 of the Fifth Piece. 


He Fifth Piece ſtanding upon; the Fourth, and held up alfo by 

| four Iron Supporters , iis # Globe of about four Inches Diame- 

| ter, whoſe Superficies is curiinto fifteen Plains, eight whereof 

are Triangles Equal and Equilateral the: other ſix are cqual Squares. 
The Dials deſcribed on thete Plains ſhew only the uſual Hour , by the 
_ of a Kower de Luce, faſtened to the top or, bottom of each 


| of the laft or higheſt Piece. 


His higheſt Piece or top of the Pyramid, is a Glaſs Bowl of 
 * -fome ſeven liches Diameter ,' ſtanding upou a foot of Iron 
.. | placed on the middle of the Fifth piece.. The North fide of 
this Bowl is thinly pairited over with White Colour j that the ſhade of 
a little Golden Ball, that is placed in the middle of the Bowl, 'may 
de —— the Hour Lines, . which -are drawn ,upon the ſaid 
White C ,' and note the Hopr. The Bowl is included-/between 
two Circlespf Iron gilded , with a croſs on the top. And thus much 
concerning this Pyramidicat Dial in general. | 
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« 1; Of the I wenty Verucal Dials deſcribed on the firſt Piece, 
Sil) bis ,200H £2 wall Lok Wor? 2 by « | 


'."  SHoxr by the} Pawof the Lion,” 
t the\ Top of the Scepter. 
| of the Flower de 


, , b Lo 


_ Twi DIAL: Defrit 


IL Of the. FT Reclining Dial, flanding upon the Fi Pies 
Theſe four Recliners which fand apow rhe South part,) 


EY 


, TU. * nt7 
| \By the Stile paſſing overthe Hour Lines, 

Firſt © 55 the Shadew ot "Tae Err er 

= Vee _ th | pub the ſhader of the Stile paſſing over the 
er 
Fourth "0 ' Hour Linie nd the ok Lode agen beStile. 
| BS Warbous Joade either ' of Site or Hours. 
p "3 | 7Anno +7 2 $377 x 


Thoſe four Recliners fanding on the North part, 


Firft _ Tou ſee the Hour Lines, but no Stiles 


cond{ Tou ſer the Siile but no Hour Lives... + 
bs Wy fo ſee neither Stile nor. Hour Lines. 


Fowrth) Tou ſee both Hoxrs aud Stik. 
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II. Of the four Glaſs Bowls which fland upon the wy Piece. 
Theſe four Bowls OY the common Hours by four different Ways * Viz. 


| e087 L work bridians. ' 
I Fire 74 he Gee 208 0 


Ig through the 
econd Water Water. | 
The \Third I 9q Air @ By two Objetts made in the Globe , and ve- 


Fourth Earth poſing ae The vo 
By aTerreſtial Globe deſcribed upon theBowl. 


IV. Of the four great Globes landing on the Faſt Piece. 


Ach Globe conſiſteth of' 32 Plains, of which 20 are Equilateral 
E Triangles, and 12 Regular Pentagons ; the Triangles; are all 
Plains , and ſome of the Pentagonsalſo, and the Stiles of theſo 


Dials are a ſharp pointed Iron, perpendicularly erected. 


Of theſe Dials deſcribed on the Firf Ghobe, 


It te Diego Mee 
It is time of Dining or Y- 
Sorne be iw what 5, ,. © ver time or 6 a Clock. 
part of the World Itis Bt'or 12 a Check. 


CThe Suns in the Z enirb. 


3a wa 


The Dizls-upon the2o Tri is omit lc in dir | 
: other Gounreys inthe Work. | 
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wi DIAL Deſcribed." 
Of tee Dials drawy upon the Second Globe , ſew © 
The Azimuth or diftance of the Sun from TRY South. SE! 3 \ 


The Himicenter or degrees of Altitude, ky 
e y 871g 


Th dap h 
73: Toy forces fm STC 


| Of the Dialr deſtribed upon the Third Globe. PV 


This Globe confiſteth of 20 Equilateral Triangles ; ſome whereof 
are made hollow like Cones, the reſt left Plain. 


[H- to Fs fe.” 

| ins to Set. | 

= Pia What Con-| Begg topaſs the Meridian, 
the ſhadow ZZ Iz x he un, Iubrf 


Some Jy 
Ly . 


— of the Site Will be be juff E: ry or Weſt at 8 at Night. 
IWH be juſt South as 8 at Night. 


Of tbe Dials upon the Fourth Globe. 


This Globs -( 3s the former cont of 20 Equilateral Triangl 
ind el Jnſeribed wpon ormer | a riangles ; 
i i Sine 5s ls 


at Sine is culminating. 
Sine 5s deſcending. 
© » 
7 S131 


A _ of the 12. Houſes the Sun is. 


What Planet Reigneth any dayof the Week, » 
What fined Share' avg in Canjdnttion with the Soy, 
What Alee# the Sun hath io fixed Stars. 


-Y. Of the Dials on the edge of the Second Piece. 
The Diah deferibed upen —_— ___——_—— 


Shew TEE 7 0 _ and Netting 4 the Fixed Stars; 
NI. of the 8 NS] dk er on the moſh 


He Dials adds upon Fry top of this "I Table, being high 
, apd, aboye the Eye, are os Px by RefleQion ; for the the Digs 
Grew) npow? the Inelining Phan; rheStite 


Love, ; painted upon the Looking- placed ors the' 
e ſhadow her? opp ars, which being __ 


» butonlyt 
n the Hour Lines , drawa on the bottom of the Globe. ſhews the 
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VIL* Of 164 Four Dials ftpporte by tbe" Fout Branches 
© 3 .. 1 of the Second Piece, \.._ :-,,. 


£99 
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— fo 


ſhall at the 


$ Inclining Piains : For the Dials upon them; fix of the vu 
right Plains are made hollow and covered with Glaſs , hay- 
ing Dials drawn upon them : The bottoms here alſo are covered with 
Glaſs, thinly painted over with White Colour , that the Dials ma 
be ſeen as well within as without the Globe ; the two Hollows towards 
theMonh beingleft open ax Wingdoujo look into the Globe. Oa--the 
ttom Glaſſes are drawn ſeveral Picures, as of the King, Queen, &c. 
In the Kings Pifture the Hour is ſhewed by the Hour Lines paſſing 
over the top of the Scepter. In the Queens, by the Shadow paſſing o- 
ver the Centre of a Flower in her Hand ; and the reſt over ſeveral 
Truncheons , 6c, held in their Hands. STS 
For the Dials deſ@jbed\upofl =o Reclifng and Inclining Plains ; 
they are of the like kind { by ReflEtion } as thoſe before deſcribed in 
the former Globe. 


IX. Of the Four Glaſs Bowls, ſupported by the Four 


T7 Globe conſiſts of 24 Plains, 8 Recliners, $ Vertical, and 


Heſe four Bowls are gildcd over , except where the Hour Lines 

| are drawn , which 1s thinly painted over with White Colour , 

to the end , the Sun Beams paſſing "—_ a little Star , left 

clear on the top of the Bowl , and making the like Star of Light y rt 

the Hour Lines, may be ſeen to note the Hour. The Hours wete ſuch 
as ſhew the Hour according to different Nations. 


Pppp X. Of 


g18 hi DI AL" Deſcribed, | 
.c Of the Dials drawy upon the Second Globe , ſpew 


The Azimuth or diftance of the Sun ow! the South, 


The Almiconter or degrees of Altitude. v 
Some þ e Suns Riſing. 


rhew » . rr 4 
ade or dftance h T 
75 Jay of the Moneth , efrifng fm PE 17g: 


| Ofthe Diale deſtribed upon the Third Globe. | | 


This Globe confiſteth of 20 Equilateral Triangles , ſome whereof 
are made hollow like Cones, the reſt left Plain. 


| (He to W ſe. 
wh! | ins to off. | 
= Pit What Cox-| { Begins to paſs the Meridias. 
the ſhadow FE | . 


7 {ova 


of he Site be juft Eaſt or Weſt at 8 at Night. 
LH be guſt South as 8 at Night. 


Of the Dials upon the Fourth Globe. 


This Globs -( as the former ) conſiſts of 20 Equilateral Telgngſes ; 
and the Disls ibed wpon thear , 


Sine i is aſcending. 
What Sine 5 ry mob 
85 6eJc 
v2 In which of the 12 Heoſer the Sun is. 


What Planet Reigneth any dayof the Terk 
What fined Stare" 


ang is with 1h6 Shim 
What Ale? Fbe Sun hath io fixed ; 19g bo 


-Y, Of the Dials on the edve of the Second Piece. 
The Dial deferibed rag and. enpER | 
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Shew - "xi; and _ 4 the Fixed Stars: 


Lace painted u EEE | 


» but only the ſhadow th ars, which being ap 
a the Hour Lines, drawn on the 


tom of the ous ſhews the 


Hour: VI. Of 
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VII* of thi Pour Dial Ppported b the tou Benche 5 
252 55D) 21 of the, Seo Þ Pies; 
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of 
fire by 4 Ek = meets with oe part not enl: Ty ” 


5 the fndow os a $ile prrpendiculety 

A che Fe Ol 'yaurBody, fo us: behotd 
wy; ttle EY king-glaſs ( placed for 
ou ſhall at the 


at tbe Hove 
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His Globe conſiſts of 24 Plains, 8 Recliners, $ Vertical, and 
$ Inclining Piains : For the Dials upon them ; fix of the up- 
right Plains are made hollow and coyered with Glaſs, hay» 

ing Dials drawn upon them : The bottoms here alſo are covered with 
Glaſs, thinly painted over with White Colour, that the Dials ma 
be ſeen as well within as without the Globe ; the two Hollows Gods 
jheDouh being left open. 45 V indows to.look inta the Glabe. . Oa--the 

tom Glaſſes are drawn ſeveral PiQures, as of the King, Queen, &c. 
In the Kings Picture the Hour is ſhewed by the Hour Li paſſing 
over the top of the Scepter. In the Queens, by the Shadow raliing O= 
ver the Centre of a Flower in her Hand ; and the reſt over foreral 
Truncheons , &c, held in their Hands. 
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For the Dials deſ@ibed\upofl Me Reclifng and ng Plains ; 
c 


they are of the like kidd { by Refieion } as thoſe before deſcribed in 


the former Globe. 
IX Of the Four Glaſs Bowls, ſupported by the. Four 
_ Brauches.of the -groat-Clobe:— 


a. £ «wr FT F 


are drawn , which is thinly painted over with White Colour , 


x four Bowls are gildcd over , except where the Hour Lines 
to the end , the Sun Beams paſſing through a little Star , left 


clear on the top of the Bowl , and making the like Star of Li ght v open | 


the Hour Lines, may be ſeen to note the Hour, The Hours ets tack 
as ſhew the Hour according to different Nations. 
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l ..X Of the uppermoſt Piece of the 1 
Ti Fourth an CN Piece,conſiſting of 1 12 7 5 Semi- 


linders , n the Great G 
2 bameys + thoſe which held £7 


Wt: gon rents a Dial 
bal Hour by the light of the Sun penetrating t rough the our 
and —_ le Star, painted on the hs. of che Bowl. * 
"| TheFi , conſiſti » bs oe eps, Ie# 2 jt 
fix equal of and held yp by four Sy ers, have Dials' 
ſcribed upon them , ſhewing the Hour by ic ſage of « Flower de 


Lace. 


The Sixth and laſt Piece is a great os wow; ſtending 
Fifth, ſupported by a foot of ron, and — hs 
Circles. Which Bowl alſo ſhews the Hour by mon of a little 
Golden Ball , Placed in thy middle of the Glafs. 


Thus have I ANIC SORE this (tow demoliſhed ) Dial 


which Account and 
light to the i 


the the foregoing 


ure thereof together , may give { 
fo” Ra (ok what is 7 died in 
aFates) toinyent ipfinite Yarietics in this kind. 
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